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Chapter-  I 

SUMMARY  AND  FINDINGS 


The  study  was  organized  into  three  principal  subtasks 
whose  primary  objectives  were-- 

(1)  To  identify  and  quantify  those  factors  that  affect 
the  cost-quantity  relationship  of  a  given  system. 

(2)  To  quantify  the  effect  of  competition  on  the  price 
paid  by  the  government. 

(3)  To  test  the  hypothesis  that  commercial  procurement 
practices  result  in  prices  that  are  less  than  prices 
paid  by  the  military  for  like  equipment. 

Principal  findings  of  Subtask  1: 

''  Correlations  between  the  intercept  (first-unit  cost) 
and  the  slope  of  the  progress  curve  were  found  for’ 
a  number  of  different  types  of  aircraft.  The  higher 
the  first-unit  cost  the  steeper  the  slope  was  likely 
to  be.  For  a  10-percent  increase  in  first-unit  cost, 
an  average  reduction  of  0.72  percent  occurs  in  the 
process- curve  slope, 

*  In  aircraft  production  the  lot  size1  was  found  to  be 
statistically  and  quantitatively  significant.  For 
most  aircraft,  unit  cost  could  be  reduced  by  increas¬ 
ing  the  lot  size.  However,  in  the  few  cases  where 
average  lot  size  was  very  large  and  statistically 
significant,  the  increasing  of  the  lot  size  increased 
unit.  cost. 

Principal  findings  of  Subtask  2: 

•  Significant  savings  were  realized  on  the  first  com¬ 
petitive  award  when  compel itiot  was  introduced  during 
the  reprocureaent  phase  of  selected  programs.  For 
the  20  cases  in  the  data  base,  the  average  savings 


^or  a  discussion  of  the  concept  of  lot  size,  see  Chapter  III, 
Section  G. 1. 


1 


were  37  percent.  The  amount  of  the  savings  was 
directly  correlated  with  the  sole-source  progress- 
curve  slope  and  the  type  of  competition.  The  flatter 
the  sole- source  progress  curve  the  greater  the  saving 
observed  was  likely  to  be.  With  respect,  to  type  of 
competition,  a  winner- take- all  competition  resulted 
on  average  in  a  greater  percentage  of  savings  being 
observed  than  a  competition  in  which  the  competitors 
were  competing  for  a  share  of  the  tot3l  award  rather 
than  the  whole  award.  However,  the  effect  of  a 
winner- take-all  competition  on  the  course  of  future 
competitions  could  not  be  determined  from  the  avail¬ 
able  data. 

*  The  post-competitive  progress  curve  is  characterized 
by  a  lewer  intercept  (first-unit  cost)  and  a  flatter 
slope  than  the  sole-source  progress  curve.  This  means 
that  the  gross  savings  (from  what  would  be  expected  to 
be  pnid  if  the  sole- source  progress  curve  were  ex¬ 
trapolated),  measured  in  percentage  terms,  will 
decline  for  each  succeeding  competitive  award. 

Principal  findings  of  Subtask  3: 

*  No  significant  price  difference  could  be  found  between 
similar  commercial  and  military  noncombatant  aircraft 
or  wheeled  vehicles  when  prices  were  compared  on  a 
basis  of  vehicle  empty  weight.  Nor  were  significant 
price  differences  found  between  similar  commercial  and 
military  noncombatant  ships  when  prices  were  compared 
on  a  basis  of  useful  load-carrying  capacity.  Military 
transport  aircraft  were  found  to  cost  significantly 
less  than  commercial  aircraft  when  they  were  compared 
on  a  basis  of  useful  load-carrying  capacity.  The 
reader  is  cautioned  that,  since  this  finding  is  based 
on  only  three  different  types  of  vehicles,  it  should 
not  be  generalized  to  other  types  of  products;  nor 
should  it  be  used  to  infer  that  military  procurements 
cannot  be  made  more  efficient. 
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Chapter  II 
INTRODUCTION 

The  genesis  of  this  study  is  the  Department  of  Defense's 
growing  concern  with  the  rapidly  rising  procurement  costs  of 
military  equipment.  This  concern  is  intensified  by  the  fact 
that  the  percentage  of  the  DoD  budget  available  for  research, 
development,  test,  and  engineering  and  procurement  .has  been 
falling- -due  to  higher  manpower  costs.  In  1964,  4S  percent  of 
the  DoD  budget  was  allocated  for  RDT$E  and  procurement ,  while 
in  1973  it  will  be  only  30  percent.  Further,  over  this  same 
period  of  time,  the  DoD  budget  has  decreased  as  a  percentage 
of  the  gross  national  product.  If  the  Department  of  Defense 
is  going  to  do  able  to  procure  in  sufficient  quantities  the 
types  of  equipment  it  needs,  it  will  have  to  find  means  to  re¬ 
duce  costs  of  these  weapons  systems.  Among  its  efforts  to  re¬ 
duce  costs,  DoD  had  a  task  force  on  "Design-to-Cost ,"  in  which 
a  number  of  experts  made  recommendations  on  how  DoD  procure¬ 
ment  practices  might  be  modified  to  achieve  greater  efficiency. 

The  Institute  for  Defense  Analyses  (IDA)  was  asked  under 
Contract  No.  BAMC  15-73C  0200  to  examine  quantitatively  some 
aspects  of  the  effect  of  competition  and  of  the  effect  of 
quantity-production  parameters  on  the  cost  of  DoD  equipment. 
Because  cost-quantity  relationships  are  'evolved  in  all  the 
weapons  systems  procured  by  the  Department  of  Defense,  the  IDA 
analysis  was  performed  within  the  framework  of  cost -quantity 
relationships,  move  curmoaly  referred  to  as  learning  curves  or 
prog  re s  i  curve  s . 

This  study  is  divided  into  the  following  three  separate 
but  interrelated  subtasks: 


*  Analytical  and  empirical  examination  of  cost-quantity 
relationships.  Because  it  has  been  found  that  the 
basic  progress^gprves  are  applicable  to  almost  all 
production  paiffeters  no  matter  how  diverse,1  the 
prepress  curves: have  beep  chosen  as  the  structure  of 
this  study  that! examines  prices  paid  by  the  government 
for  a  diverse  .variety  jf  goods.'  The  objective  of  this 
subtask  has  been  to  lay-  the.  framework  for  the  other 
parts  of  the  study  abfi  fjgfcsft  tempt  to  identify  factors 
other  than  cumul a t s  that  might  be-  incorporated 
m  the  progress  c ur vfgjplfae ally,  these  other  factors 
are  ones  that  can  belpmtrolled  to  reduce  cost. 

•  Examination  of  competitive  procurements .  The-  objec¬ 
tive  of  this  subtask  was  to  examine  quantitatively  the 
effect  of  competition  on  selling  price. 

9  Comparison  of  prices  paid  for  similar  military  and. 
commercial  equipment .  A  commonly  held  belief  is 
that  commercial  procurement  practices  are  superior  to 
military  procurement  practices  and  that,  as  a  result, 
commercial  equipment  costs  less  than  similar  military 
equipment-  The  objective  of  this  subtask  is  to  test 
this  hypothesis  quantitatively  for  the  limited  class 
of  equipment  for  which  roughly  comparable  military  and 
civilian  counterparts  could  be  established  and  for 
which  data  were  readily  available. 

Because  the  study  was  primarily  quantitative  in  nature,  it 
has  been  heavily  dependent  on  the  availability  of  data. 
Unfortunately,  as  is  explained  in  the  report,  there  is  a  dearth 
of  data  of  the  type  required  to  address  the  questions  of  this 
report  in  as  much  detail  as  might  bs  desired.  Therefore,  the 
areas  cf  examination  and  the  scope  of  the  findings  are  much 
more  restricted  than  originally  intended.  For  example,  the 
data  needed  to  examine  cost-quantity  relationships  empirically 
and  in  detail  were  available  only  for  the  manufacture  of  air¬ 
craft;  and,  therefore,  our  analysis  of  the  basic  cost -quantity 
relationship  was  limited  to  aircraft.  Further,  it  had  been 
intended  to  examine  quantitatively  the  effect  of  competition 
starting  with  the  initial  design  and  carrying  forward  through 


1  Perspective  on  Experience  [l]  presents  data  on  how  progress 
curves  fit  price  data  for  a  large  variety  of  products,  rang¬ 
ing  from  integrated  circuits  to  beer. 
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production;  but  because  the  data  do  not  exist  for  so  broad  an 
analysis ,  the  inquiry  had  to  be  limited  to  examining  the  effect 
of  competition  in  the  reprocurenient  phase,  where  there  was  a 
limited  amount  of  quantifiable  data.  Likewise,  in  making  com¬ 
parisons  between  military  and  commercial  prices,  we  are  not 
able  with  the  limited  data  to  address  the  question  of  whether 
the  military  is  specifying  its  equipment  to  meet  higher  perform 
ance  requirements  than  are  realistically  required.  On  the 
other  hand,,  we  have  tried  to  address  the  widely  held  belief 
that  factors  in  addition  to  performance  requirements  cause 
higher  prices  for  DoD  equipment. 

This  report  consists  of  an  Executive  Summary  (Vol.  I), 
chapters  below  dealing  with  each  of  the  three  subtasks  outlined 
above,  and  10  appendices  of  supporting  data  and  analyses. 
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Chapter  III 

ANALYTICAL  AND  EMPIRICAL  EXAMINATION  OF  SELECTED 

VARIABLES  THAT  AFFECT  THE  COST-QUANTITY  RELATIONSHIP 

The  objective  of  this  subtask  was  to  analyze  the  basic 
cost 'quantity  relationship,  as  well  as  to  identify  and  quantify, 
where  possible,  additional  variables  that  affect  cost.  Particu¬ 
lar  attention  was  given  to  additional  variables  that  could  be 
controlled,  such  as  lot  size  and  production  rate, 

A,  BASIC  MODEL 

The  basic  cost-quantity  relationship  is  variously  referred 
to  as  a  progress,  learning,  or  improvement  curve.  The  progress 
curve  relates  the  average  or  unit  cost  of  a  product  to  the  cumu¬ 
lative  quantity  produced.  On  log- log  paper,  the  standard  progress 
curve  is  a  straight  line..  While  some  writers  make  certain  dis¬ 
tinctions  (learning  curves  might  apply  only  to  man-hour  cost 
variations  with  quantity;  progress  curves  might  apply  to  total 
cost  variations  with  quantity),  others  use  the  terms  inter¬ 
changeably,  We  use  the  terras  interchangeably  and  in  the  widest 
sense.  The  basic  form  of  the  progress  curve  in  common  usage  is 

MC  «*  F  x  NL  (la) 

TC  -  j~y  x  (lb) 

r-x  _  F  „  vl  (1c) 

CA  *  £ — ~ — Y  X  N  , 

where 

MC  *  the  marginal  cost  of  producing  the  Nth  unit; 

TC  u  the  total  cost  of  producing  N  units; 

CA  a  the  cumulative  average  cost  of  producing  the  N  units; 


Preceding  page  blank 
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F  3  the  "hypothetical”  cost  of  producing  the  first  unit;1 

N  »  the  cumulative  number  of  units  produced;  and 

L  «  the  progress -curve  exponent. 

Since  the  progress  curves  are  empirically  derived  from  the 
available  cost-quantity  data,  implicitly  embedded  in  them  are 
the  contributions  to  cost  reduction  achieved  through  experience 
by  all  activities  related  to  the  manufacture  of  a  product 
(e.g.,  management,  manufacturing,  engineering,  procurement,  etc.). 

Reference  to  the  steepness  of  a  progress  curve  is  generally 
made  in  terms  of  a  percent  slope.  For  example,  an  80-percent 
progress  curve  has  an  exponent  L  of  -0.322,  which  means  that 
every  time  the  quantity  is  doubled,  the  unit  cost  is  reduced 
by  20  percent.  Figure  1  illustrates  two  progress  curves,  one 
with  an  80-percent  slope  and  the  other  with  a  75-percent  slope. 

As  can  be  seen  by  Figure  1,  the  smaller  the  percent  slope  the 
steeper  the  curve.  The  exponent  and  slope  are  related  to  each 
otner  by 

L  =  log  (slope  in  percent/100)  /  log  2  . 

If  N  were  a  continuous  variable,  then  the  three  equations 
(la-lc)  would  be  completely  compatible  with  one  another.  The 
marginal  or  unit  cost  equation  (la)  is  the  derivative  of  total 
cost  TC  with  respect  to  cumulative  number  produced  N.  Ecuation 
(lc)  is  simply  total  cost  TC  divide.-  bv  cumulative  number  pro- 
duced  N.  Since  N  is  discrete  and  not  continuous,  these  equations 
are  all  reasonable  approximations  for  each  other  fo.  N  >  10. 


^ote  that  the  "first-unit'*  cost  referred  to  throughout  this 
report  does  not  represent  the  measured  cost  of  the  first  unit, 
but  is  the  solution  of  a  regression  equation  (fitted  though 
all  the  cost -quantity  data  available)  at  the  point,  where  the 
cumulative  quantity  is  1.0.  When  only  lot  (as  opposed  to 
unit)  cost-quantity  data  were  available,  a  progress  curve  was 
derived  by  using  an  iterative  regression  technique  developed 
by  the  Defense  Contract  Audit  Agency  (and  described  in  [3]). 
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While  iion-log-linear  progress  curves  have  been  formulated,1 
the  log-linear  form,  as  given  by  Equations  (la)  through  (lc) s 
has  the  following  to  rocommend  it:2 

*  It  is  consistent  with  most  of  the  historical  variation 
in  coat  of  production.  For  example the  average  of 
the  coefficients  of  determination  (Ri‘)  for  78  aircraft 
and  helicopters  using  Equation  (lc)  was  0.915. 3  That 
is,  variations  in  cumulative  output  using  a  simple 
progress -curve  equation  explained  91.5  percent  of  the 
variation  in  average  cost.  (See  Appendix  C  for  details.) 

*  The  computation  involved  is  simple.  As  already  illus¬ 
trated,  the  relationship  plots  as  a  straight  line  on 
log- log  paper. 

*  The  log-linear  curve  is  almost  universally  used  in 
planning  work. 

The  almost  universal  acceptance  of  >:he  basic  progress-curve 
model  may  be  one  reason  chat  the  model  has  such  high  explanatory' 
power.  More  specifically,  Harold  Asher  [5]  cites  those  who  be¬ 
lieve  that  the  linear  progress  curve  is  the  result  of  the  method 
generally  used  b>  airframe  producers  in  production  scheduling  and 
man-hour  budgeting,  a  method  that  assumes  the  linear  hypothesis. 


'At  small  amounts  of  cumulative  output,  it  has  been  suggested 
that  a  progress  curve  that  is  convex  from  below  is  a  more 
accurate  representation  of  the  relationship  between  unit  cost 
and  cumulative  output  (4j.  At  large  amounts  of  cumulative  out¬ 
put,  it  has  been  suggested  that  a  progress  curve  that  is  con¬ 
cave  from  below  (flattening)  is  a  more  accurate  representation 
(4,  pp.  98-102).  If  both  of  these  suggestions  are  adopted, 
then  a  backward  S- shaped  progress  curve  is  obtained. 

-In  the  case  of  progress  curves,  a  statistical  analysis  of 
alternative  forms  usually  does  not  indicate  that  one  form 
is  superior  to  others.  See,  for  example,  Armen  Alchian  [b). 

3It  is  necessary  to  note  that  some  of  these  regressions  may  ex¬ 
hibit  a  significant  positive  autocorrelation  of  the  residuals,  as 
reflected  by  a  low  Durbin- Watson  statistic.  Significant  auto¬ 
correlation, gives  an  upward  bias  to  the  coefficient  of  deter¬ 
mination  (R”).  To  prevent  high  autocorrelation  requires  the 
use  of  "generalized"  least  squares  in  place  of  "ordinary” 
least  squares;  however,  generalized  least  squares  cannot  be 
used  without  a  priori  information  on  the  structure  of  the 
autocorrelation. 
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Since  we  have  presented  the  progress  curve  in  some  detail, 
it  is  a  good  starting  point  for  asking  two  basic  questions: 

(1)  What  are  the  conditions  that  influence  the  first-unit 
cost  and  slope  of  the  progress  curve? 

(2)  What  are  some  of  the  variables,  other  th~  i  cumulative 
output,  that  have  a  significant  impact  on  unit  cost? 

For  each  of  these  two  questions,  we  have  examined  in  this 
subtask.  three  important  relationships.  For  the  first  question, 
we  have  analyzed- - 

•  7 he  effect  of  different  levels  of  product  performance 
on  the  intercept,  of  the  progress  curve. 

9  The  re lationshin  between  the  intercept  and  the  slope 
of  the  progress  curve. 

•  The  effect  of  large  cumulative  output  on  the  slope 
of  the  progress  curve  (i.e.,  whether  or  not  the 
progress  curve  flattens  out). 

Qn  the  second  question,  we  have  studied- - 
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*  the  effect  of  production  rate  on  unit  cost 
°  The  effect  of  lot  size  on  unit  cost 

*  The  affect  of  model  changes  on  unit  cost. 

Ir  addition  to  the  examination  of  the  progress- curve 
ce'jturo,  data  were  analyzed  from  the  Cost  Information  Report 
iraraft  £«»***  >«£  CHrv««)  of  the  Naval  Air  Systems  Command  [7] 
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8.  THEORE  TIC/!  .  INTEGRATION  OF  PROGRESS  AND  COST  CURVES 

Be  for ;  goin.g  directly  to  a  discussion  of  the  six  listed 
topics,  we  present  a  brief  statement  of  theoretical  attempts 
to  combine  progress  curves  and  cost  curves. 

The  initial  development  of  the  concept  of  a  progress  curve 
(first  applied  to  airframes  by  W» ight  IS))  was  based  primarily 
on  empirical  observation  rather  than  on  some  a  priori  theoretical 

'Budge*  data  were  also  analysed  for  airframe  and  electronics, 
but  did  not  shed  much  light  on  the  six  topics  lir*ed  above. 
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structure.  Since  then,  a  firmer  theoretical  basis  has  been 
developed.  Some  theoretical  work  has  been  done  by  economists 
to  integrate  cost  curves  (which  relate  unit  costs  to  rate  of 
production)  and  progress  curves  (which  relate  unit  costs  to 
total  output.) .  Theoretical  integrations  of  these  two  kinds  of 
curves  have  been  done  by  several  well-known  economists.  Articles 
by  Alchian  [93,  Hirschleifer  [10] ,  and  Oi  [11]  extend  the  basic 
cost  curves  used  by  economists  to  incorporate  total  volume  of 
output,  time  period  of  production,  rate  of  production,  and 
planned  delivery  date.  These  articles  contain  various  proposi¬ 
tions  about  the  relationships  between  these  variables.  These 
theoretical  propositions,  based  on  the  economic  concepts  of  fac¬ 
tor  substitution  and  joint  production,  are  compatible  with  an 
inverse  relationship  between  unit  cost  and  cumulative  output. 

Although  these  integrations  of  cost  and  progress  curves 
are  independent  of  on-the-job  learning  or  tecnnical  change, 
another  important  article  (by  Arrow  [12])  accepts  the  idea  that 
learning  by  labor  during  the  production  process  leads,  &s  out¬ 
put  accumulates,  to  some  fall  in  unit  costs.  But,  believing 
that  there  are  diminishing  returns  to  this  kind  of  learning, 

Arrow  hypothesizes  the  continual  introduction  of  new  types  os 
capital,  which  act  as  a  stimulus  to  learning  by  labor .  The 
hypothesis  of  a  new  stimulus  is  important  in  generating  the 
constant  rate  of  learning  shown  by  the  log- linear  ferm  oi 
progress  curve.  However,  Arrow  does  not  identify  the  source  of 
the  new  machinery  that  changes  the  workers'  environment;  he  may 
be  assuming  implicitly  some  kind  of  tehnical  progress  affecting 
Che  inputs  but  not  the  production  process  itself. 

In  spite  oi  the  different  economic  explanations  of  progress 
curves  discussed  cbove,  the  interpretations  are  not  mutually 
exclusive.  Empirically  derived  progress  curves  are  likely  to 
combine  various  economic  factors,  and  the  impacts  ssay  bs  hard 
to  separate. 
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OTHER  EMPIRICAL  WORK 


C. 

Despite  the  theoretical  work  indicating  that  a  small  number 
of  additional  explanatory  variables  should  be  incorporated  in 
the  basic  cost-quantity  relationship  (a  primary  variable  being 
rate  of  production),  only  a  few  empirical  studies  in  the  37 
years  since  the  original  Wright  article  [8]  have  tried  to 
incorporate  other  variables  into  the  progress  curve.  These 
studies  sometimes  have  either  statistically  inconclusive  or 
seemingly  conflicting  results  as  far  as  the  effects  of  these 
other  variables.  (Some  of  these  studies  are  discussed  in 
Appendix  D,  below.)  There  appear  to  be  three  major  reasons  for 
the  sometimes  inconclusive  and  seemingly  contradictory  results 
of  these  studies: 

a  Lack  of  empirical  data.  Accurate  quantitative  data 
are  not  ordinarily  collected  or  kept  for  variables 
(such  as  rate  of  production)  that  theory  indicates 
should  be  incorporated  in  the  progress-curve  equation. 

®  Difficulty  of  observing  effects .  The  high  explanatory 
power  of  the  basic  model  and  the  correlation  that  ether 
explanatory  variables  (e.g.,  rate  of  production)  have 
with  cumulative  output  make  it  difficult  to  observe 
statistically  the  effects  of  these  other  variables. 

•  U&e  of  inaccurate  mathematical  form.  These  other 
variables  are  entered  into  the  right-hand  side  of 
the  progress- curve  equation  in  the  same  way  that 
cumulative  output  is  entered  (i  .  e.  usually  in  a  log- 
linear  form).  From  a  theoretical  standpoint,  as  will 
be  explained  below  (Section  C  of  this  chapter),  addi¬ 
tional  explanatory  variables  (such  as  production  rate 
or  lot  sue)  entering  in  the  same  way  as  cumulative 
output  misspecif ios  the  way  these  variables  should 
enter . 


D.  PROGRESS- CURVE  SLOPE  VERSUS  CUMULATIVE  NUMBER  PRODUCED 

We  will  now  proceed  to  examine  the  throe  topics  presented 
under  the  first  of  the  two  basic  questions  asked  in  Section  A, 
above : 
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(1)  The  effect  of  different  levels  of  product  performance 
on  the  intercept  of  the  progress  curve. 

(2)  The  relationship  between  the  intercept  and  the  slope 
of  the  progress  curve. 

(3)  The  effect  of  large  cumulative  output  on  the  slope 
of  the  progress  curve  (i.e.,  whether  or  not  the 
progress  curve  flattens  out). 

Examination  of  Figure  1  (above)  shows  that  unit  cost 
continuously  decreases  as  cumulative  output  increases.  However, 
at  some  level  of  cumulative  output,  it  is  reasonable  to  expect 
that  no  further  reduction  in  cost  can  be  obtained  by  increasing 
cumulative  output.  But  there  is  question  of  whether  the 
slope  is  likely  to  change  over  the  range  of  cumulative  output 
experienced  by  expensive  types  of  military  systems  such  as  air¬ 
craft,  missiles,  tanks,  ships,  etc.  This  flattening  of  the 
progress  curve  should  be  distinguished  from  the  "toe  up"1 
phenomenon  that:  is  frequently  observed  when  a  program  comes  to 
the  end  of  its  production  run.  While  "toe  ups"  are  undesirable, 
because  of  their  transient  nature,  they  have  significantly  less 
impact  than  flattening  does  on  total  program  cost. 

Host  of  tne  aircraft  data  observed  do  not  show  signs  of 
any  significant  flattening  of  the  progress  curve,  but  the  air¬ 
craft  do  not  have  production  runs  much  in  excess  of  a  thousand. 
The  few  aircraft  that  do  show  signs  of  having  their  progress 
curves  flatten  out  significantly  are  often  involved  in  model 
changes. 

We  examined  the  pattern  of  "residuals"2  in  our  regression 
equations  for  five  aircraft  (fighter  and  attack  types)  whose 
cumulative  output  was  greater  than  a  thousand.  A  pattern  of 

^The  "toe  up"  phenomenon  is  cne  in  which  the  last  few  units 
produced  cost  more  than  the  previous  units  produced,  in  con¬ 
trast  to  what  the  progress  curve  would  predict.  Numerous 
reasons  have  been  given  for  the  "toe  up,"  including  the  shift¬ 
ing  of  experienced  workers  to  other  programs,  the  running  out 
of  parts,  etv. 

: "Re? iduals"  are  deviations  from  the  fitted  line. 
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residuals  shown  by  Figure  2  would  strongly  imply  a  flattening 
of  the  progress  curve.  Two  of  the  five  aircraft,  the  AD  and 
the  A- 4,  had  this  pattern  of  residuals.  If  the  observations 
fall  within  the  data  envelope  shown  by  Figure  2,  then  the 
residuals  have  a  positive-run,  negative-run,  positive-run 
pattern.  Given  this  pattern,  we  can  expect  the  flattening 
point  to  occur  approximately  at  the  middle  of  the  negative  run 
of  residuals.  We  discuss  the  curvature  of  the  progress  curve 
in  terms  of  a  flattening  point  (as  illustrated  by  Figure  2)  for 
expositional  and  statistical  convenience.  A  more  accurate 
representation  of  flattening  probably  would  be  given  by  a 
gradual  curvature  of  the  progress  curve.  The  regression  line, 
taking  the  flattening  effect  into  account,  would  be  the  dashed 
line  in  Figure  2.  Statistical  problems  occur  in  the  actual 
estimation  of  the  dashed  line  in  Figure  2,  if  we  use  ’’dummy" 
variables.  To  obtain  the  dashed  line  tc  the  right  of  the  flat¬ 
tening  point,  it  is  logically  necessary  to  have  a  :,slope"  dummy 
and  an  "intercept"  dummy  associated  with  cumulative  output. 
However,  the  slope  and  intercept  dummies  have  an  extremely 
high  intercorrelaticn  (r  >  0.99),  which  makes  the  estimated 
coefficient  values  for  the  slope  and  intercept  dummies  un¬ 
reliable.  If  only  a  slope  dummy  is  used,  then  a  biased  esti¬ 
mate  occurs  in  both  the  estimate  of  the  slope- dummy  coefficient 
and  in  the  estimate  of  the  flattening  point  (i.e.,  the  amount 
of  flattening  is  considerably  underestimated  and  the  cumulative 
quantity  at  which  it  occurs  is  considerably  overestimated). 
Therefore,  in  view  of  these  problems,  we  estimated  the  dashed 
line  by  completely  segregating  the  data  into  two  nonoverlapping 
groups  and  running  a  regression  equation  of  the  form 


whev 


0 nc  =  +  j2^2  +  a3^l^  +  a4^2^  » 

D1  -  1,  if  N  <  K;  and  *  0,  otherwise;  and 

D2  -  1,  if  N  >  K;  and  D~  »  0,  otherwise. 
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CUMULATIVE  OUTPUT 

Figure  2.  PATTERN  OF  RESIDUALS 

The  flattening  point  X  was  chosen  by  trying  several  values  and 
selecting  the  one  that  maximized  R'  (coefficient  of  determina¬ 
tion)  <■ 

The  regression  results  statistically  supported  the  propo¬ 
sition  that  flattening  of  the  progress  curve  occurred  for  the 
AD  and  A-4  aircraft.  Even  in  the  ^ase  of  these  two  aircraft, 
the  results  were  not  completely  unambiguous,  because  of  the 
effect  of  an  introduction  of  a  model  change.  The  apparent 
flattening  point  was  around  460  aircraft  for  the  AD  and  790 
aircraft  for  the  A-4.  The  specific  statistical  results  are 
given  in  Appendix  A. 
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A  cross-sectional  analysis  of  the  effect  of  cumulative 
quantity  on  flattening  of  the  progress  curve  was  made  for  six 
aircraft  types.  The  regression  equation  used  had  the  form 

=  a  +  tfinF  +  c&nNA  ,  (3) 

where 

G  «  percent  slope  of  the  progress  curve; 

F  =  first-unit  cost  in  man-hours  per  pound;  and 
N*  =  total  quantity  produced. 

The  reasons  for  inclusion  of  first- unit  cost  F  in  Equation 
(3)  arc  given  in  Section  F  of  this  chapter.  Of  the  six  aircraft 
types,  two  showed  statistically  significant  and  positive  co¬ 
efficients  and  four  showed  not- statistically- significant  co¬ 
efficients  on  cumulative  output.  These  statistically  signifi¬ 
cant  and  positive  coefficients  occurred  for  bomber  and  fighter 
aircraft,  which  indicated  progress-curve  flattening  for  these 
aircraft  types.  The  small  numerical  value  of  the  coefficient 
associated  with  N*  suggests  a  gradual  flattening  of  the 
progress  curve.  The  regression  results  for  the  two  types  of 
aircraft  that  had  statistically  significant  coefficients  weie 
(for  bombers)1 

fiwib  -  3. 356  ♦  G.06aSnNb  (R2  -  .91;  DF  •  4)  (4a) 

and  (for  fighters) 

*WG.  -  -4.461  -  O.076foF*  ♦  O.OiafcN.  (RZ  -  .59;  DF  -  15)  ,  (4b) 

r  *  i 

where  all  coefficients  are  statistically  significant  at  the  .05 

level;  R2  *  coefficient  of  determination;  and  DF  *  degrees  of 

freedom. 


^For  bombers ,  first-unit  cost  F  did  not  have  a  str.t  istically 
significant  coefficient  at  the  .05  level.  An  equation  was  run 
for  bombers  with  cumulative  output  as  the  only  explanatory 
variable;  the  results  of  that  run  are  given  by  Equation  (4a). 


Analysis  of  the  limited  data  indicates  that  the  point  at 
which  the  progress  curve  flattens  out  (if  such  a  point  exists) 
varies  considerably  for  different  products- -and  even  within  a 
product  class.  Conway  and  Schultz  [13]  present  two  examples, 
both  with  steep  progress-curve  slopes,  based  on  direct  man¬ 
hours  per  unit  as  the  cost  measure,  that  can  be  used  to  illus¬ 
trate  the  wide  variance  in  the  point  where  the  progress  curves 
flatten  out.  The  first  example  is  the  production  of  small 
parts  where  the  labor  content  of  each  unit  is  measured  in 
hundredths  of  an  hour.  The  progress  curve  follows  a  74, 7 -percent 
slope  until  8  million  units  are  produced,  at  which  point  the 
curve  flattens  out.  The  second  example  is  the  final  assembly 
of  an  electronic  unit  where  the  assembly  costs  were  measured  in 
terms  of  hours.  Here  the  progress  curve  follows  a  72.9-percent 
slope  until  29,000  units  are  produced,  at  which  point  the 
progress  curve  flattens  out. 

It  should  be  noted  that  the  absolute  reduction  in  cost 
that  occurs  as  cumulative  quantity  increases  becomes  progres¬ 
sively  smaller  for  a  typical  progress  curve,  as  shown  by 
Figure  3.  Thus,  only  a  small  difference  in  absolute  cost 
appears  if  the  flattening  point  is  at  A  (in  Figure  3)  and  the 
cumulative  quantity  produced  is  at  B. 

E.  EFFECT  OF  PERFORMANCE  ON  COST 

It.  is  obvious  from  Figure  1  that  unit  cost  depends  on  both 
the  slope  and  the  intercept  (i.e,,  first-unit  cost)  of  the 
progress  curve.  What  determines  first-unit  cost  therefore 
becomes  an  important  subject  of  analysis.  A  number  of  studies 
have  examined  this  subject  and,  in  almost  all  cases,  have 
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Inertial  navigation  systems  are  presented  here  to  illus¬ 
trate  the  relationship  between  first-unit  cost  and  performance. 
These  systems  were  selected  for  several  reasons: 

•  An  inertial  navigator  is  a  fairly  expensive  piece  of 
avionic  equipment. 

•  Performance  parameters  are  essentially  one-dimensional 
(the  radial  error  rate). 

•  IDA  has  done  considerable  work  in  the  area  of  naviga¬ 
tion  equipment  cost  and  has  an  extensive  data  base  on 
this  equipment.1 

Because  the  black  boxes  making  up  an  inertial  navigation 
system  interface  with  many  other  pieces  of  equipment  and  may 
or  may  not  include  computers,  digital  convertors,  and  displays, 
it  was  necessary  to  separate  the  cost  of  the  inertial  sensors 
from  the  costs  associated  with  the  computers,  digital  convertors, 
and  displays.  This  separation  was  made  subjectively,  following 
the  rule  that  only  the  cost  of  equipment  (sensors,  power  supplies, 
and  electronic  controls  and  displays)  necessary  to  run  the 
inertial  navigation  set  arc  part  of  the  sensor  cost.  Figure  4 
presents  a  plot  of  inertial  sensor  first -unit  cost  (in  1970 
dollars)  versus  radial  error  rate.2  The  regression  shown  in 
Figure  4  had  a  coefficient  of  determination  of  0.941.  That  is, 
the  one  performance  parameter  (radial  error  rate)  explained 
94  percent  of  the  variance  in  the  first-unit  cost  variable. 

The  steep  slope  of  the  cost-estimating  relationship  illustrates 
how  strongly  performance  affects  cost.  An  Inflexible  require¬ 
ment  for  an  inertial  navigator  with  a  radial  error  rate  of  0.S 
knots  (when  a  radial  error  rate  of'  1.5  knots  would  satisfy 


'The  performance  cast,  relationships  presented  here  were 
originally  developed  i  n  C-j  0  c  a  n  d  ?  r  ;V  r«n;  *je<?  1  /  A  \  r  h  :■  v  n  <■ 

8  a  y  i  g  r:  f  i  o  n  S  ■/  o  t  s  s  [18]. 

aTo  prevent  this  report  from  being  considered  classified, 
data  points  were  deleted  from  Figure  1.  curves  with  the 
actual  data  points  are  available  to  all  authorised  govern¬ 
ment  personnel  with  a  need  to  know. 


SOURCE:  "Cost  and  Performance  of  Airborne  Navigation  System?, " 
,  Institute  for  Defense  Analyses,  P~I81,  December  197!, 


Figure  4,  INERTIAL  NAVIGATION  SENSOR  FIRST-UNIT 
COST  VERSUS  RADIAL  ERROR  RATE 

mission  requirements)  unnecessarily  increases  first-unit  pro¬ 
duction  costs  by  129  percent. 

Another  useful  insight  can  be  gained  by  analyzing  the 
first-unit  cost  of  inertial  navigation  systems  over  time. 
Inertial  navigation  systems  are  s  particularly  good  illustration 
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because,  unlike  many  other  systems,  both  loti-  and  high- 
performance  systems  have  recently  been  built.  Over  time, 
especially  in  rapidly  developing  fields  such  as  inertial  navi¬ 
gation,  advances  in  the  level  of  available  technology  should 
have  a  noticeable  effect  on  first-unit  cost.  To  test  this 
hypothesis,  a  second  regression  was  run  to  derive  an  estimate 
that  included  calendar  time  as  an  additional  variable.  Figure 
5  illustrates  that  for  constant  performance  che  cost  of  an 
inertial  system  is  decreasing  at  the  rate  of  9  percent  per  year 
The  coefficient  of  calendar  time  is  statistically  significant 
at  the  .05  level. 

It  would  appear  from  this  discussion  and  from  past  work  of 
IDA  and  others,  that  high-performance  requirements  are  a 
primary  cause  of  high  production  costs  While  this  study  could 
have  been  devoted  to  deriving  cost-pei formance  relationships 
for  a  variety  of  othei  equipment,  we  believe  that,  having 
indicated  that  performance  requirements  are  a  major  cause  of 
high  cost,  the  rest  of  the  study  a,su.nes  that  performance  re¬ 
quirements  are  given.  Additional  results  relating  cost  to 
performance  are  not  needed  to  identify  and  quantify  other 
factors  that  affect  cost. 

F.  FIRST-UNIT  COST  VERSUS  SLOPE  RELATIONSHIPS 

It  is  not  oossible  simply  to  look  at  a  product's  progress 
curve  3nd  determine  whether  the  curve  is  efficient.  A  progress 
curve  with  a  high  first- unit  cos?,  (bad)  might  have  a  steep 
slope  (good),  and  vice  versa.  it  is  generally  accepted  that 
higher* per formance  products  have  higher  first-unit  costs,  an 
illustration  of  which  was  given  by  the  inertial  sensor  system. 
Since  higher  performance  normally  implies  a  more  sophisticated 
and  complex  product  for  a  given  state  of  technology,  it  :s 
logical  to  assume  that  more  learning  (i.e.,  a  steeper  slope) 
can  be  achieved  when  a  product  hts  a  high  first-unit  cost. 
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and  slope  data1  for  various  aircraft  types  support  this  relation 
ship,  as  illustrated  by  the  plots  for  fighter  aircraft  in 
Figure  6.  In  this  figure,  the  progress-curve  slope  is  measured 
for  22  fighter  aircraft  on  the  vertical  axis,  and  the  corre¬ 
sponding  first-unit  cost  is  measured  on  the  horizontal  axis.  A 
negative  relationship  between  first-unit  cost  and  slope  is 
found  for  all  aircraft  types,  as  illustrated  by  Table  1. 

Table  1.  SLOPE  VERSUS  FIRST-UNIT  COST  FOR 
DIFFERENT  TYPES  OF  AIRCRAFT 


— 

Aircraft  Type 

Percent  Reduction 
in  Slope  for  10- 
Percent  Increase  in 
First-Unit  Cost 

Coefficient 

of 

Determination 
(i.e.,  R2) 

Number  of 
Ai rcraf t 
Models 
(by  type) 
— ,  .  . 

Attack 

0.40 

.14 

9 

Bomber 

0.60 

.37 

8 

Cargo 

0.33 

.42 

12 

Fighter 

0.74 

.52 

22 

Mel i copter 

0.82 

.52 

16 

|  Trainer 

U—. - - - - - 

1  .42 

.92 

11 

- . 

The  line  shown  in  Figure  6  provides  a  weak  measure  of  the 
efficiency  of  a  particular  program.  Points  falling  below  this 
line  indicate  equipment  produced  more  efficiently  than  the 
industry  average;  points  above  this  line  indicate  equipment 
produced  less  efficiently  than  the  industry  average.  Of  course, 
since  for  any  particular  program  the  relative  importance  of  the 
first-unit  cost  and  slope  is  dependent  on  the  number  of  units 
to  be  produced  (i.e.,  if  only  a  small  number  are  produced,  low 
first-unit  cost  is  more  important  than  slope) ,  the  line  is  not 
a  universal  measure  of  efficiency. 

1  The  best  available  cost  data  were  in  terms  of  direct  manufac¬ 
turing  man-hours  per  pound  Therefore,  all  the  progress 
curves  pertaining  to  aircraft  were  derived  in  terns  of  direct 
man-hours  per  pound  rather  than  dollars. 
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The  negative  relationship  between  slope  and  first-unit 
cost  also  has  implications  for  the  high-performance/low- 
performance  force  mix.  For  example,  a  higher-performance 
fighter  whose  first-unit  cost  is  twice  that,  of  a  lower- 
perfoi  in ce  fighter  might  be  expected  to  have  a  unit  cost  only 
1.4  times  as  expensive  as  the  lower-performance  fighter  at  the 
hundredth  unit. 

G.  THE  IMPORTANCE  OF  ADDITIONAL  EXPLANATORY  VARIABLES 

Having  examined  in  Sections  D,  E,  and  F)  the  first  of  the 
two  basic  questions  asked  in  Section  A,  we  will  now  explore  the 
second  basic  question  and  the  three  topics  under  it--namely, 
the  effect  on  cost  of  (1)  model  change,  (2)  production  rate, 
and  (3)  lot  size. 

The  relationship  between  cost  and  each  of  these  variables 

is  given  in  the  three  subsections  of  this  section.  Of  these 

variables,  lot  size  appears  to  be  of  particular  importance, 

from  two  standpoints:  (1)  it  frequently  shows  up  as  having  a 

significant  effect  on  cost,  and  (2)  it  is  a  factor  that  can  be 

? 

controlled.  Table  2  shows  the  improvement  in  the  R  (adjusted 
for  degrees  of  freedom)  that  occurs  by  adding  additional 
variables  to  the  regression  equations.  For  each  aircraft  type, 
either  lot  size  or  production  rate  was  one  of  the  additional 
variables  added  to  the  regression  equation.  Because  of  data 
limitations,  it  was  not  possible  to  include  both  lot  size  and 
production  rate  in  the  same  regression  equation.  Whether  or 
not  mode  1  -  change  variables  were  added  depended  on  the  particular 
aircraft  model.  The  regression-equation  results  for  each  air¬ 
craft  are  given  in  Appendix  A.  The  regression  equation  used 
was  of  the  form 

k 

fan  *  b ■  ,  (S) 
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Table  2.  IMPROVEMENT  IN  R‘  BY  ADDING  ADDITIONAL  INDEPENDENT  VARIABLES 


Aircraft  Model 

R^  (Cumulative 
Output  Alone) 

2 

R  (Cumulative  Output 
and  Other  Independant 
Variables) 

Other 

I ndependent 
Variables® 

Number  of 
Observations 

,4fta<jR  Aircraft 

\~~~ - -  1  ' 

AO 

.721 

.942 

5.  F,  04 

57 

A-A 

.  843 

.981 

s,  P.  01 

43 

A-  3 

.950 

.941 

S,  01 

16 

Soikere 

B-S2,  Seattle 

.884 

53 

8-52H,  Wichita 

.967 

.972 

X 

19 

B-58 

.978 

.979 

X 

54 

B-52G.  Wichita 

.990 

.993 

X 

29 

"ai'js  Atrora/t 

C  - 1  30 

.846 

.978 

S,  01 

2fi 

C-123 

.872 

.  932 

s 

22 

C-124 

.876 

.895 

S,  01 

22 

AC-135 

.952 

.964 

X 

72 

C-119 
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where 


m  «  direct  man-hours  per  pound  of  airframe; 

N  »  cumulative  number  of  planes; 

Z  «  other  explanatory  variables  (i.e.,  lot-size  or 
production-rate t  and  model-change  variables);  and 

k  =  number  of  explanatory  variables. 

For  the  AD  and  A- 4,  where  the  flattening  effect  was  incorpo¬ 
rated  into  the  regression  analysis.  Equations  (2)  and  (5)  were 
combined. 

The  form  of  Equation  (S)  is  consistent  with  the  practice 
in  the  literature,  but  may  represent  a  misspecif ication  of  the 
form  in  which  some  explanatory  variables  should  enter  this 
equation.  If  the  true  relationship  between  cost  and  production 
rate  or  lot  size  is  U-shaped,  as  the  theory  suggests,  the 
correct  form  for  the  specification  of  production  rate  and  lot 
size  is  "quadratic,"  as  explained  in  Subsections  2  and  3, 
below.  If  production  ratf*  or  let  ze  has  values  that  are  not 
close  to  the  optimum  production  rate  or  lot  size,  then 
Equation  (5)  gives  a  correct  representation  of  results  over  the 
region  of  the  observed  data.  Two  possible  quadratic  forms  that 
could  be  useu  are  (Z  -  a)1,  or  (Z  and  Z  ).  However,  both  these 
quadratic  forms  have  statistical  or  mathematical  problems.  In 
the  first  form,  (Z  -  <0",  the  form  that  should  be  used  for  -i 
is  unknown;  in  the  second  form,  Z  and  Z4-,  the is  a  high  inter- 
correlation  between  Z  and  ZL  that  makes  the  estimated  values  of 
the  Z  and  Z4*  coefficients  unreliable.  With  the  limited  quantity 
of  data  available,  we  have  used  Equation  (S)  for  analysis 
(rather  than  attempting  to  develop  a  quadratic  form  whose 
estimators  would  have  complex  statistics  associated  with  them), 
recognizing  that  we  may  be  introducing  a  aisspecification  error. 

As  can  be  seen  from  Table  2,  if  cumulative  output  ’’explains’ 
almost  all  the  vsri?*ion  in  cost,  which  will  be  reflected  in  an 
R~  close  to  1.0,  then  additional  variables  do  not  add  much  to 
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"explanation"  of  cost.  However,  if  the  R  is  not  close  to  1.0, 
then  additional  variables  usually  add  a  great  deal  to  the 
"explanation"  of  cost.  In  the  case  where  cost  behavior  is 
dominated  by  cumulative  output,  it  may  be  that  not  enough 
variability  occurs  in  the  other  independent  variables  for  their 
effects  to  show  up  statistically.  If,  in  addition,  these  other 
variables  are  not  at  their  optimal  values,  then  the  entire 
progress  curve  would  be  too  high.  This  inefficiency  would  not 
be  evident  from  the  estimated  progress  curve. 

1 .  Effect  of  Model  Change 

We  need  to  examine  model  change  at  least  for  the  following 
statistical  reason:  In  order  to  isolate  the  effect  of  produc¬ 
tion  rate  and  lot  size,  it  is  desirable  to  incorporate  within 
the  statistical  analysis  any  other  variable  that  has  a  signifi¬ 
cant  effect  on  cost.  In  *he  case  of  aircraft  (and  probably  of 
many  o,.her  products),  sue  a  variable  is  model  change.  It 
often  shows  up  as  improvement  of  the  fit  of  the  regression 
equation,  as  indicated  by  Table  1  and  by  Appendix  A.  The 
typical  ■'•'ay  in  which  model  change  affects  the  progress  curve  is 
shown  by  Figure  7. 

If  we  measure  the  distance  between  the  actual  progress 
curve  (solid  line  in  Figure  7)  and  the  progress  curve  projected 
for  no  model  change  (dashed  line  in  Figure  7) ,  then  we  obtain 
the  shape  of  the  dummy  variable  required  to  account  for  model 
change  (chown  by  Figure  8). 

The  curve  shown  by  Figure  8  can  be  approximated  by  a 
"geometiically  lagged"  dummy  variable.  To  give  an  example  of 
a  geometrically  lagged  dummy  variable,  let  vs  suppose  the 
original  model  is  produced  for  the  first  15  lots,  but  a  new 
model  is  produced  after  lot  15.  Then  the  geometrically  lagged 
gummy  variable  D  would  be  represented  by  the  following  values: 
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Figure  7.  EFFECT  OF  MODEL  CHANGE 
ON  PROGRESS  CURVE 


Figure  8.  INCREASED  IN  UNIT  COST  CAUSED  BY 
MODEL  CHANGE 
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D  “  0  for  lots  1  through  15 
D  =  0.5  for  lot  16 
D  =  0,25  for  lot  17 
n  -  0.125  for  lot  18 


D  =  0.0000305  for  lot  30. 


The  rules  for  obtaining  these  values  are  as  follows: 

(1)  The  value  of  D  for  the  first  lot  with  the  new  model 
is  0.5. 

(2)  Each  subsequent  value  of  D  is  one-half  the  immediately 
preceding  value  of  D. 

If  all  the  values  assigned  to  D  were  summed  up,  a  value  of 
1.0  would  be  jbtained.  In  effect,  these  weights  assume  that  50 
percent  of  the  increased  cost  of  a  model  change  occurs  in  the 
first  lot  of  the  new  model,  25  percent  occurs  in  the  second  of 
these  lots,  12.5  percent  occurs  in  the  third  of  these  lots,  etc. 


If  the  points  given  for  this  dummy  variable  are  plotted, 
and  a  straight  line  is  connected  between  each  pair  of  points, 
then  we  approximate  the  curve  shown  by  Figure  8. 


Suppose  we  had  two  model  changes,  one  at  lot  16  and  the 
other  at  lot  25.  Then  we  would  use  two  geometrically  lagged 
dummy  variables. 


D1  -  0  for  lots  1  through  IS 
D2  *  0  for  lots  1  through  24 
01-0.5  for  lot  16 
02  *-  0.5  for  lot  25 
01  -  0.2S  for  lot  17 
02  •  0 . 2 S  for  lot  26 


01 

02 


0.0000076  for  lot  32 
0.0000076  for  lot  41. 


The  form  of  the  equation  used  to  incorporate  model  change 
was 

k 

&.m  =  ♦  b2^«Z  +  X<  ,  (6) 

1  ®  3 

where 

m  «  direct  man-hours  per  pound  of  airframe; 

N  »  cumulative  number  of  planes; 

D  *  geometricaly  lagged  dummy  variable  for  model  change; 

2  =  lot-size  or  production-rate  variable;  and 

k  *  number  of  explanatory  variables. 

We  found  that  this  approach  gave  a  good  representation  of 
the  effects  of  model  change  when  most  of  the  variance  in  price 
was  being  explained  by  the  cumulative  number  produced.  However, 
it  did  not  adequately  represent  situations  in  which  two  or  more 
models  were  produced  s imulatneous ly  or  in  the  portion  of  the 
progress  curve  that  exceeded  the  flattening  point  for  the  two 
cases  observed,  the  AD  and  A- 4  aircraft.  (See  Appendix  A  for 
a  disucssion  of  the  problems  associated  with  incorporating  the 
model- change  variable  in  the  progress  curves  of  the  AD  and  A- 4 
aircraft . ) 

2  •  Effect  of  Production  Rate 

A  considerable  number  of  empirical  studies  have  been  under¬ 
taken  over  the  last  quarter- century  to  measure  the  effects  of 
production  rate  on  cost  without  reference  to  the  progress- curve 
concept.  A  summary  of  the  results  of  several  studies  are  given 
by  Tables  D-l,  D-2,  and  D-3  (see  Appendix  D) .  These  tables  aro 
taken  from  a  survey  article  by  Walters  (19].  These  results 
show  that  average  and  unit  costs  n&y  be  either  falling,  constant, 
or  rising.  In  other  words,  increasing  (or  reducing)  the  produc¬ 
tion  rate  may  either  reduce,  leave  unaffected,  or  increase  unit 
cost.  These  results  are  not  inconsistent  with  the  conventional 
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theoretical1  relationship  between  production  rate  (output  per 
unit  of  time)  and  marginal  or  average  cost:  variable  inputs 
tend  to  show  first  increasing  and  then  diminishing  returns  when 
applied  to  fixed  factors  (e.g.,  size  of  plant  or  the  availa¬ 
bility  of  a  skilled  work  force) --as  illustrated  in  the  U-shaped 
curve  of  Figure  9.  (Appendix  E  presents  a  mathematical  deriva¬ 
tion  of  the  U-shaped  unit-cost  curve.) 


PRODUCTION  RATE 


Figure  9.  RELATIONSHIP  DETWEEN  PRODUCTION  RATE  AND  UNIT  COST 


We  now  turn  to  the  much  more  limited  empirical  wcrk  on  the 
effect  of  production  rate  on  cost  within  the  conte  :t  of  progress 
curves.  Alchian  [6],  using  World  War  II  data  (21),  tested  the 
following  equation: 

log  m  ■  a  ♦  log  N  *  log  AN  ,  (7) 

whe  re 


lPaul  A.  Satntelson,  Chapters  25-24,  Saonomiae : 
Analysis  [20]. 


4n  Introductory 
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a  »  diract  man-hours  per  pound  of  airframe; 

N  -  cumulative  number  of  planes;  and 

A  «  rate  of  aircraft  production  per  month. 

This  equation  has  rate  of  production  added  to  the  standard  log- 
linear  progress-curve  formulation.  It  was  tested  on  22 
’’model- facility  combinations  (MFC)."  Examples  of  MFC  tested 
by  Alchian  were  Boeing  B-29,  Wichita;  North  American  P-51, 
Inglewood;  and  North  American  P-51,  Dallas.  His  conclusion  was 
that  "the  results  cast  doubts  on  any  of  the  alternatives  being 
better  fits  than  the  usual  progress  curve.  The  principal 
reason  that  little  improvement  would  be  expected  is  the  presence 
of  very  high  correlation  among... N  [cumulative  output)  and  aN 
[rate]’’  [6,  p.  13]. 

A  study  by  Hirsch  [22]  also  examined  production  rate 
within  the  context  of  progress  curves.  Data  consisted  of  five 
years’  worth  of  monthly  observations  on  production  rate  and 
cost  for  a  single-plant  machine-tool  manufacturer.  Manufactur¬ 
ing  was  performed  by  lot.  Since  lots  were  initiated  on  an 
approximately  monthly  basis,  lot  size  in  this  case  could  be 
used  as  a  good  proxy  for  production  rate.  For  each  type  of 
machine,  average  direct- labor  hours  by  lot  (for  machining, 
assembly,  and  the  total  of  the  two)  were  regressed  against  lot 
size  (rate)  and  cumulative  quantity.  For  the  two  types  of 
machinery  having  the  greatest  variation  in  rate,  it  was  found 
that  (1)  the  affect  of  cumulative  quantity  was  always  signifi¬ 
cant,  with  negative  regression  coefficients  indicating  progress; 
and  (2)  the  effect  of  rate  never  was  significant,  and  the 
estimating  coefficients  were  both  positive  and  negative. 

A  study  by  Preston  and  K'eachie  on  radar  equipment  (23) 
used  regression  relationships  containing  both  cumulative  out¬ 
put  and  production  rate  as  independent  variables.  Total  cost 
and  labor  cost  wore  used  as  alternate  dependent  variables. 

F*'ivo  of  the  six  regressions  that  were  run  had  both  cumulative 
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output  and  production  rate  as  significant  variables.  Production 
rate  was  significant  at  the  .05  level,  with  a  consistently 
negative  coefficient.  However,  from  their  remark  that  "from 
examination  of  the  data,  it  was  determined  that  the  rising 
phase  of  the  short-run  cost  curve  would  not  be  observed  with 
sufficient  frequency  to  permit  estimation"  [23,  p.  104],  it 
could  be  surmised  that  data  that  would  have  indicated  a  positive 
relationship  between  production  rate  and  cost  were  not  included 
in  their  regressions.  If  this  surmise  is  correct,  then  to 
obtain  consistently  negative  rate-coefficients  that,  are 
statistically  significant  is  not  surprising  and  does  not  prove 
much.  However,  the  results  in  all  these  cases  are  consistent 
with  a  U-shaped  cost  curve. 

For  several  aircraft  in  the  BACKFIl'l  files  [24],  data  were 
available  on  either  monthly  shop  production  or  monthly 
scheduled  deliveries  of  aircraft.  Some  of  these  data  were  not 
used  because  of  serious  interpretive  or  statistical  problems 
caused  by  the  concurrent  production  of  different  models  of  the 
same  aircraft.  We  used  these  data  in  conjunction  with  data 
from  the  Naval  Air  Systems  Command  [7].  Regressions  having  the 
same  basic  form  as  A1  chian's  sver t  run: 

3  a .  ♦  b ,  &N  *  b  ,  ( S ) 

i  i  A. 

where 

ra  «■  direct  man-hours  per  pound  of  airframe; 

N  *  cumulative  number  of  planes;  and 

X  ®  rate  of  aircraft  production  per  month. 

Table  3  gives  the  coefficients  obtained  for  production  rate. 

A  negative  coefficient  indicates  that  increasing  the  production 
rate  will  reduce  cost,  while  the  converse  is  true  for  a  posi¬ 
tive  rate. 

From  Table  3,  we  find  that  thrco  production- rate  coeffi¬ 
cients  are  not  significant  at  the  .05  level;  one  is  significant 
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Table  3.  EFFECT  OF  CUMULATIVE  QUANTITY  AND  PRODUCTION  RATE 
ON  lilt  IT  COST 


Aircraft  Model 

Progress 

Curve 

Production 

Rate 

Average  Monthly 
Production  Rate 

Coefficient 

(Slope) 

Coeffi clent 

(Slope) 

8-58 

-.488 

(71.3) 

-.050* 

(96 

6) 

1 

84 

8-52H ,  Wichita 

-.2?!"' 

(PS.2) 

-.109 

(92 

7) 

4 

34 

B  - 5 2 ,  Seattle 

-.325 

(79.8) 

-.022 

(98 

5) 

5 

3  3 

8-52,  Wichita3 

-.266 

(83.2) 

-.090 

(93 

9) 

6 

14 

B-52G ,  Wichita 

-.423 

(74.6) 

-.065 

(95 

6) 

7 

17 

KC-1 35 

-.452 

(73.1) 

.134 

(108 

9) 

8 

01 

**Stad st 1  call y 

signi ficant 

at  the  .001  level  (two 

-sided  te 

st ) . 

(Statistically  significant  at  the  .05  level  (two-sided  test). 
[aExcluding  G  and  H  series. 


at  the  .05  level  with  a  negative  sign;  and  two  are  significant 
at  the  .001  level,  but  with  opposite  signs.  Since,  according 
to  certain  theoretical  considerations,  a  U-shaped  relationship 
may  exist  between  unit  cost  and  production  rate  (see  Appendix  H) , 
the  three  not - s ignif icant  results  may  be  due  to  the  misspecifi- 
catioa  of  the  form  that  the  production  rate  enters  into  the 
regression  equation.  This  misspec i f icat ion  also  occurs  in  all 
the  empirical  studies  we  are  familiar  with.  Instead  of  <n\ , 

X  should  enter  into  the  regression  with  a  form  such  as  iX  i)“. 
However,  without  some  u  yrio^l  information  or  some  special 
technique,  the  value  of  <■»  cannot  be  determined. 

lo  judge  the  quantitative  effect  of  the  production  rate, 
we  have  presented  the  product  ion* rate  "slope”  that  corresponds 
to  the  rate  coefficient.  These  product  ion  * ra te  slopes  initially 
can  be  interpreted  tr,  the  same  way  as  progress  -  curve  slopes. 

An  80- percent  product  ion- rate  slope  means  that  if  production 
rate  ,  doubled,  unit  cost  tails  by  2U  percent.  it  is  evident 
from  the  numerical  values  of  the  prodt";  i  ion- rate  slope  that 
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the  quantitative  effect  of  changing  the  production  rate  appears 
to  be  small  1 

If  the  U-shape  of  the  rate  relationship  holds,  these  slopes 
may  actually  overstate  the  savings  that  could  be  achieved-- 
as  is  illustrated  by  Figure  10.  If  we  are  at  point  A  on  the 
cost  cu .ve ,  then  we  could  achieve  the  lowest  average  cost  by 
moving  to  point  B.  However,  using  the  slope  derived  froir  the 
regression  equation  would  indicate  point  C,  which  would  con¬ 
siderably  overstate  the  amount  of  cGst  reduction.  If  too  sharp 
a  change  in  the  right  direction  occurred  in  the  production 
rate  (e.g. ,  moving  from  point  A  to  point  D),  then  che  average 
cost  at  the  new  rate  might  be  higher  than  at  the  old  rate. 

Only  if  the  production  rate  were  far  too  small  (point  E)  or  far 
too  large  (point  F)  would  significant  cost  reduction  occur  by 
moving  the  production  rate  toward  point  B. 


figure  10.  TYPICAL  U-SHAPEC  COST  CURVE 


■Nevertheless,  we  must  caution  that  this  small  quantitative 
effect  could  be  due  to  a  raisspeci fixation  of  the  production- 
rate  variable. 
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Iho  relationship  between  U-sh&ped  cost  curves  and  progress 
curves  is  shown  by  Figure  11.  (The  mathematical  relationship 
is  given  in  Appendix  £.) 


PRODUCTION  RATE 


i2'3-n-ja 

Figure  11.  SHIFT  IN  U-SHAPED  COST  CURVES  OVER  TIME 

As  Figure  11  illustrates,  at  any  particular  time  t^,  unit 
cost  is  represented  by  a  U-shaped  curve.  Over  time,  however, 
the  U-shaped  carve  is  shifted  downwards  because  of  "learning 
Thus,  fcr  any  given  production  rate  (rr  in  Figure  11),  unit 
cost  is  decreasing  over  time  and  therefore  is  also  decreasing 
as  cumulative  output  is  increasing.  A  typical  progress  curve 
results  if  th_  unit  costs  associated  with  the  points  are 
plotted  against  cumulative  output. 
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3 •  Effect  cf  Lot  Size 

"Lot  size"  is  the  output  obtained  from  one  round  of  tool¬ 
ing  setup.  General  practice  is  to  schedule  tooling  setup, 
fabrication,  and  assembly  by  lot  size.  An  annual  buy  frequently 
comprises  a  number  of  lots.  At  least  in  the  case  of  airframes, 
the  lot  size  appears  to  have  a  more  important  effect  on  cost 
than  the  production  rate  has.  This  apparent  fact  is  also 
likely  to  be  true  for  other  products  that  are  characterized  by 
small  lot  sizes.  Such  products  usually  arc  expensive,  complex, 
and  specialized;  and  they  often  undergo  considerable  techno¬ 
logical  development.  For  small  lot  sizes,  setup  and  other  non¬ 
recurring  costs  related  to  improvements  and  any  other  modifi¬ 
cations  specific  to  any  given  lot  can  be  expected  to  be  an 
important  part  of  total  cost.  However,  larger  lot  sizes  will 
spread  the  costs  specific  to  the  lots  over  more  units,  thereby 
reducing  the  average  cost  of  each  unit.  In  addition,  large 
lots  may  lead  to  larger  volume  buys  of  parts  and  components, 
with  a  resultant  cost  reduction.  These  cost  -  reduct  ion  effects 
are  cited  by  the  limited  literature  on  the  relationship  of 
average  cost  to  lot  size-  For  very  large  lot  sizes,  however, 
tooling  and  machinery  begin  to  wear  out -a  situation  that 
necessitates  increased  maintenance  and  that  may  interrupt 
production  activity.  Inventory  costs  also  increase  with  lot 
size.  Another  effect  is  the  introduction  of  engineering  and 
product-configuration  changes;  the  larger  the  u*t  size  the  more 
likely  it  is  that  changes  will  he  introduced  before  the  ,r>t  is 
completed.  These  changes  mu^t  * h e n  be  incorporate*4  by  a  rework¬ 
ing  of  the  parts  that  have  already  bet-.-,  produced.  Increased 
tool  maintenance,  inventory  size,  and  product - ccmf igurat i on 
change  (caused  by  the  volume  of  Uiginoering  Change  Notices)  can 
cause  a  significant  rise  in  unit  cost  with  large  lot  sizes.  If 
we  combine  the  two  influences  of  (1)  setup  cost  and  (d)  costs 
of  tool  maintenance,  inventory  size,  and  product  change,  we  can 
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expect  a  U-curved  relationship  between  cost  and  lot  size, 
similar  to  the  curve  found  for  the  production  rate. 

While  occasional  mention  is  made  of  the  effect  of  lot  size 
on  cost,  we  did  not  find  any  statistically  rigorous  quantita¬ 
tive  results  in  the  literature.  Therefore,  we  had  to  determine 
the  quantitative  importance  of  lot  size  without  reference  to 
the  literature. 

To  determine  empirically  the  effects  of  lot  size  on  unit 
cost  of  airframes,  we  ran  regression  equations  on  24  aircraft, 
with  both  cumulative  output  and  lot  size  as  explanatory 
variables  of  unit  cost.  These  regressions  had  the  following 
basic  form: ' 

inm  =  a1  ♦  b.nfoN  ♦  b^-iS  ,  (9) 

where 

m  direct  man-hours  per  pound  of  airframe; 

N  »  cumulative  number  of  planes;  and 

S  a  lot  size. 

The  results  of  these  runs  are  shown  by  Table  4.  Despite 
the  overwhelming  effect  of  cumulative  output  on  unit  cost.  Jot- 
size  coefficients  were  statistically  significant  for  14  of  the 
24  aircraft --9  of  them  at  the  .001  level. 

While  some  of  the  10  not-signi ficant  coefficients  for  lot 
size  appear  to  be  due  to  a  small  sample  size,  as  indicated  by 
Table  5,  a  more  likely  explanation  is  that  lot  size  shows  up  as 
being  an  important  influence  on  cost  only  when  cumulative  output 
is  sufficiently  large,  as  indicated  by  fighter,  attack,  and 

itfhile  it  is  believed  that  the  relationship  of  lot  size  and 
cost  is  U- shaped,  there  are  serious  methodological  problems  of 
introducing  the  lot-size  torn  in  any  non- log- linear  fora.  The 
methodological  problems  and  the  effect  oi  ausspec* tying  the 
form  of  the  lot- size  term  in  the  regression  equations  are 
identical  to  the  ssisspeci  fication  of  the  product  ion- rate  term 
(previously  discussed  in  Section  G.2.,  above. 
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trainer  aircraft  in  Table  6.  For  reasons  that  are  not  apparent 
this  is  not  the  case  for  other  aircraft  types. 


Table  5.  DISTRIBUTION  OF  SIGNIFICANCE  OF  COEFFICIENTS 
BY  NUMBER  OF  LOTS 


Number  cf  Models 


Less  than  20  Lots  20  or  more  Lots 


Coeffi cient 


Si  gni fi cant 
Not  significant 


Table  6.  DISTRIBUTION  OF  SIGNIFICANCE  OF  COEFFICIENTS 
BY  CUMULATIVE  0UTPUT 


Number  of 
Attack , 
T  rainer 

Fighter, 

and 

Models 

Coeffi cient 

Total 
Outcut 
<  1  ,000 

Total 
Output 
>  1  .000 

Si gni f i cant 

1 

8 

Not  significant 

7 

1 

Patrol  ,  and  Ob¬ 
servation  Models 


Total 
Output 
<  1 ,000 


The  results  ot  these  regression  ec ua ?. ions  showed  that  the 
average  lot  sire  for  airframes  usually  was  too  small;  unit 
costs  in  most  cases  couid  he  reduced  by  increasing  tne  lot  sir 
as  illustrated  by  Table  ?.  Of  the  14  aircraft  models  shown  in 
this  table,  the  unit  cost  of  11  of  t hers  would  be  reduced  by 
increasing  the  lot  size.  For  the  >  aircraft  models  where  unit 
cost  would  be  increased  by  increasing  the  lot  sire,  2  were 
being  oroduced  in  very  .large  iot  sires. 


Table  7.  RELATIONSHIP  BETWEEN  AVERAGE  LOT  SIZE  AND  UNIT  COST 


. . . . . 

Number  of  Aircraft  Models  with 
Average  Lot  Size-- 

Item 

Smaller  than  60 

Larger  than  90 

Unit  Cost  Reduced  by 
Increasing  Lot  Size 

11 

0 

Unit  Cost  Increased  by 
Increasing  Lot  Size 

1 

2 

bThis  table  Is  composed  of  the  14  aircraft  having  statistically 
significant  lot-size  coefficients. 
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Chapter  IV 

COMPETITIVE  PROCUREMENT 


A.  INTRODUCTION 

The  primary  emphasis  under  this  subtask  was  to  measure 
quantitatively  the  effect  of  competition  on  selling  price. 

The  objectives  of  competition  among  suppliers  are  lower 
prices  charged  to  the  government  and  improved  quality  of  the 
products.  Because  no  objective  measures  of  product  quality 
were  available,  we  have  restricted  ourselves  to  an  examination 
of  price  competition.  Further,  while  it  was  the  original  in¬ 
tent  to  examine  quantitatively  the  effect  of  competition 
throughout  a  product's  life,  the  available  data  precluded  our 
quantitatively  examining  the  effect  of  competition  in  all  but 
the  reprocureraent  phase  of  a  program.  Therefore,  the  follow¬ 
ing  analysis  is  based  on  and  directly  applicable  to  competi¬ 
tion  introduced  during  'he  reprocureraent  phase  of  ?  program. 
Basically,  the  reason  that  data  are  not  available  to  examine 
quantitatively  the  effect  of  competition  in  earlier  phases  of 
a  program  is  that  very  few  programs  had  competition  beyond  the 
prototype  stage,  and  those  that  did  had  no  control  group  by 
which  a  comparison  could  be  made  to  see  what  the  cost  might 
have  been  if  there  had  not  been  competition. 


45 


Improved  quality  may  incorporate  greater  reliability, 
a  broader  base  of  technology,  and  more  varied  approaches  to 
the  weapon- system  objectives;  but  these  factors  are  multi¬ 
dimensional  and  difficult,  if  not  impossible,  to  quantify  to 
scalar  values  without  imposing  enough  subjective  value  judg¬ 
ments  to  bias  the  results  completely.  Regarding  the  character¬ 
istics  of  the  weapon  system  as  fixed  makes  the  problem  of 
measuring  the  benefits  of  competition  more  tractable,  since 
we  are  left  with  prices  and  costs.  Nevertheless,  the  simpli¬ 
fication  may  ignore  substantial  benefits  of  competition,  some 
of  which  are  qualitatively  discussed  by  Schairer  [25]  and 
Schiaifer  [26]  : 

The  Schairer  article  [25]  presents  numerous  examples  of 
the  qualitative  benefits  of  competition  in  the  aircraft  industry. 
One  example  that  is  particularly  revelant  to  this  study  deals 
with  the  development  of  the  Boeing  707  and  illustrates  the 
distinction  between  long-run  and  short-run  costs.  In  1955, 
at  the  start  of  the  707  program,  Boeing  designed  &  single 
Boeing  707  that  would  have  maximum  commonality  with  the  KC-135 
and  that  would  be  sold  to  both  domestic  and  overseas  airlines. 
This  cheapest  single  707  model  had  the  disadvantage  that  its 
range  exceeded  the  needs  of  domestic  airlines  and  yet  was  not 
great  enough  for  all  overseas  operators.  Despite  these  obvious 
disadvantages,  Boeing  proceeded  with  the  development  of  a 
single-model  airplane  until  competition  was  introduced  in  the 
form  of  the  DC- 8.  The  competitive  pressure  forced  Boeing  to 
change  its  plans  and  develop  the  707-120  series  and  the  707-320 
series.  While  producing  two  airplanes  increased  initial  cost, 
xt  had  the  beneficial  effect  of  reducing  the  operating  costs 
of  the  domestic  airlines  and  overseas  airlines  20  percent  and 
7  percent,  respect ively - -compared  to  the  proposed  single-model 
707.  These  reduced  operating  costs  more  than  offset  the  higher 
initial  cost,  with  a  resultant  long-term  cost  saving  to  the 
traveling  public. 
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Schlaifer  [26]  cites  an  example  that  illustrates  how 
competition  may  be  the  only  way  to  achieve  some  desired  results. 
At  the  end  of  World  War  I,  Stromberg-Carlson  had  a  virtual 
monopoly  on  carburetors  for  aircraft  engines.  The  Stromberg- 
Carlson  carburetor  used  a  float  control  that  had  a  number  of 
serious  shortcomings.  Yet  in  the  absence  of  competition, 
Stromberg-Carlson  simply  refused  all  entreaties  on  the  part  cf 
the  government  to  design  a  new  type  that  would  be  truly  suit¬ 
able  for  aircraft.  However,  when  the  government  funded  a  com¬ 
petitor,  Chandler-Groves,  to  develop  a  floatless  carburetor, 
Stromberg-Carlson  quickly  doubled  its  engineering  budget, 
provided  the  technical  thinking,  and  produced  the  pressure 
carburetor  that  was  the  only  carburetor  used  on  new  high-powered 
aircraft  engines  in  the  United  States  at  the  end  of  the  Second 
World  War.  To  quote  the  author:  "The  history  of  the  Stromberg 
carburetor  is  thus  one  of  the  best  possible  illustrations  of 
the  great  need  for  competition  in  development." 

3efore  setting  out  the  analysis,  it  is  useful  to  examine 
briefly  the  current  procurement  cycle  for  major  new  systems. 

For  our  purposes,  the  procurement  cycle  can  be  thought  of  as 
four  distinct  phases: 

•  Preliminary  design  phase 

•  Development  phase 

•  Initial  production  phase 

•  Reprocurement  phase. 

Under  current  procurement  practices,  for  the  most  part,  competi¬ 
tion  exists  in  the  design  phase  of  the  program  and  occasionally 
in  the  reprocurement  phase  of  the  program;  hut  rarely  is  there 
competition  in  the  development  v*-  initial  production  phases. 

The  winner  of  the  design  competition  usually  is  awarded  a 
sole-source  contract  to  undertake  development.  For  large  sys 
terns,  because  of  the  high  development  cost  and  the  generally 
limited  size  of  the  market,  losers  of  the  design  competition 
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generally  drop  out  of  the  marketplace  for  that  particular 
product,  in  essence  giving  the  winner  of  the  design  competition 
a  virtual  monopoly.  However,  as  a  precondition  of  winning  the 
design  award,  the  contract  signed  generally  allows  the  govern¬ 
ment  to  have  access  to  cost  data  on  the  development  and  any 
subsequent  sole-source  production  contracts,  along  with  clauses 
preventing  excess  profits.  The  problem  with  the  present  system 
is  that,  since  the  contractor  is  put  in  a  position  in  which  he 
must  justify  all  his  costs,  greater  attention  may  be  spent  on 
cost  justification  than  on  cost  reduction.  Further,  at  the  time 
the  design  awards  are  made,  many  of  the  problems  associated  with 
the  development  are  still  unknown.  As  the  problems  arise,  the 
government,  has  little  recourse  but  to  stick  with  the  original 
contractor.  Thus,  while  the  current  contracting  procedures 
generally  prevent  the  winning  contractor  from  making  a  monopo¬ 
list's  profit,  they  do  not  insure  that  the  most  efficient 
producer  does  the  actual  work.  (See  Appendix  F  for  a  discussion 
of  efficiency  and  competition.) 

Because  the  development  and  production  phases  of  most 
programs  overlap,  the  contractor  who  does  the  development  also 
is  awarded  a  sole- source  contract  for  the  initial  production. 

If  the  product  is  relatively  simple  and  there  are  to  be 
recurring  purchases,  the  government  may  procure  the  production 
drawings  and  data  and  introduce  competition  into  the  reprocure¬ 
ment.  phase  of  the  program. 

The  original  intent  of  the  study  was  to  examine  quantita¬ 
tively  the  price  effect  of  competition  throughout  the  product's 
procurement  life.  Unfortunately,  the  available  data  precluded 
examining  quantitatively  the  effect  of  competition  in  all  but 
the  reprocurement,  phase  of  a  program.  Therefore,  the  following 
analysis  is  based  on  (and  directly  applicable  to)  competition 
introduced  during  the  reprocurcsent  pha*o  of  a  program. 
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Basically,  the  reason  that  data  are  not  available  to  examine 
quantitatively  the  effect  of  competition  in  earlier  phases  of 
a  program  is  that  very  few  programs  had  competition  beyond  the 
prototype  stage,  and  those  that  did  had  no  control  group  by 
which  a  comparison  could  be  made  to  see  what  the  cost  might 
have  been  if  there  had  not  been  competiton. 

B.  DEGREE  OF  COMPETITION  EXISTING  TODAY 

One  of  the  first  questions  that  has  to  be  asked  when 
examining  the  effect  of  competition  is,  How  competitive  is 
DoD  currently  in  their  procurement?  Table  8  is  presented 
to  show  ^he  degree  of  competition  that  presently  exists  in 
DoD  procurement.  As  can  be  seen  from  the  table,  the  degree 
of  competition  has  been  stable  over  the  recent  years,  with  sole- 
source  procurements  accounting  for  approximately  65  percent; 
competitively  negotiated,  24  percent;  and  advertised,  the  most 
competitive,  11  percent  of  the  dollar  value.  However,  approxi¬ 
mately  40  percent  of  the  sole-source  awards  are  follow-ons  to 
contracts  that  evolved  from  an  earlier  design  or  price  competi¬ 
tion  . 


Table  8.  PROCUREMENT  AWARDS  EXCEEDING  $10,000 
[By  percent  of  total  dollars] 


Type  of  Action 

Fiscal  Year 

68 

69 

70 

71 

n 

Sole-source 

64.2 

65.8 

63.0 

65.1 

67.0 

Negotiated 

24.0 

23.0 

25.2 

23.9 

22.4 

Adverti  sed 

11.7 

11.3 

11.8 

11.1 

10.6 

* 

Competl tl vely . 
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A  search  of  the  literature  on  the  effect  of  competition 
reveals  that  there  are  many  subjective  estimates  of  the  price 
effect  of  competition,  ranging  from  15-  to  67-percent  savings, 
but  few  actual  data  are  presented  to  support  these  estimates. 
Most  of  the  data  that  do  exist  were  collected  as  part  of  the 
DoD  cost-reduction  program  of  the  early  1960s.  Table  9  pre¬ 
sents  the  form  of  these  data.  There  are  serious  shortcomings 
to  the  type  of  data  presented  in  Table  9  (from  [27]): 

•  The  data  were  "selected"  to  demonstrate  cost  savings. 
Thus,  they  do  not  necessarily  represent  an  unbiased 
estimate  of  the  true  effect  of  competition. 

•  There  is  no  narrative  to  indicate  whether  the  percent 
reductions  have  been  corrected  for  the  effects  of 
cost-quantity  relationships. 


Table  9.  EXAMPLES  OF  EXISTING  DATA  SHOWING  THE  SAVINGS 
RESULTING  FROM  COMPETITION 


Item 

“ 

Non- 

competi ti ve 
Unit  Price 
( do  1 1 ars) 

Competi ti ve 
Unit  Price 
(do! 1 ars ) 

Percent 

Reduction 

Savings  on 
Recent 
Procurement 
(do! lars) 

Power  Control  Sox 

1  .50 

1.11 

26 

214,838 

Extendible  Earth 

Anchor 

75.43 

52.25 

30 

231 .800 

Radio  Set  (AN/PRC-47) 

4,370.87 

2 ,797.67 

36 

1  ,296,31  7 

R-1051  Receiver 

24  ,473.00 

1 1 ,750. CO 

52 

4,016,718 

Portable  Ship  Instru¬ 
mentation  Package 

795  .777.00 

595 ,987.00 

25 

399,554 

Bomb  Fuze,  M-905, 

Tail  Assembly 

18.06 

15.14 

16 

168,797 

Power  Supply 

(PP-2056/ULA-26V) 

1  .238.59 

834.10 

32 

27,118 

Shroud,  "leering 
Control  Module 
(SP  QAX-5766) 

750.00 

538.00 

28 

27,560 

Doppler  H»  vitiation 
Radar  ( AN/APN-1 53V) 

2 .924.00 

1 ,567.00 

46 

4,221 , 1 35 

Average 

32 

; 

Source  : 
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•f  ?k<<  f  is*  ,  Congress  gF  the 


United  States,  63 tit  Congress,  24  January  1966. 


c. 


THE  IMPORTANCE  OF  PROGRESS  CURVES  IN  THE  ANALYSIS 


Figure  12  presents  the  cost-quantity  history  for  the 
guidance,  control,  and  airframe  subsystems  of  the  BULLPUP  A 
missile.  The  BULLPUP  A  guidance,  control,  and  airframe  sub¬ 
systems  were  produced  from  1958  to  1961  by  the  Martin  Company 
as  a  sole  source.  In  1961,  with  Martin  providing  a  data  pack¬ 
age,  the  subsystems  were  competitively  bid- -with  the  result 
that  Maxson  also  started  to  produce  the  subsystems.  From  1961 
through  1963,  Martin  and  Maxson  competed  for  a  portion  of  the 
total  award;  each  was  more  or  less  assured  that  he  would  get 
some  portion  of  the  award. 

While  Martin's  price  dropped  significantly  between  1958 
and  1960,  it  had  nothing  to  do  with  competition,  which  was  not 
introduced  until  1961,  but  was  presumably  due  to  a  corresponding 
drop  in  cost  caused  by  the  natural  cost-quantity  relationship. 

On  the  other  hand,  a  significant  part  of  Martin's  price  drop 
in  1961  might  be  attributed  to  the  introduction  of  competition. 
Data  of  the  type  presented  in  Table  9  does  not  provide  enough 
information  to  separate  the  natural  cost -quant ity  reductions 
in  price  from  price  reductions  caused  by  the  introduction  of 
competition.  Attributing  all  the  cost  reduction  to  competition 
when  a  program  changes  from  sole-source  to  competitive  procure¬ 
ment  can  lead  to  overestimation  of  the  competitive  savings. 

Note  in  Figure  12  that  in  1964  there  is  another  discontinuity 
in  both  Martin's  and  Maxson ‘s  progress  curves  when  the  competi¬ 
tion  was  intensified  by  making  it  winner- take-all .  The  1964 
point  shown  for  Martin  is  Martin's  unsuccessful  bui,  while  the 
1964  point  is  Maxson 's  actual  price.  There  is  an  interesting 
sidelight  to  the  1964  BULLPUP  history  that  reflects  on  some 
of  the  hidden  costs  that  may  be  associated  with  the  intensified 
competition.  Prior  to  the  1964  award,  all  the  BUILDUPS  had  a 
spun  nose  cor.'’  In  order  to  lower  cost  in  the  1964  winning  bid, 
Maxson  replaced  tho  spun  nose  cone  with  a  clam  shell.  During 
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POINTS  ARE  LOT  END  QUANTITIES  VS  CALCULATED*  PRICE 
OF  LAST  LOT  UNIT,  EXCEPT  LAST  POINTS 
WHICH  SHOW  AVERAGE  LOT  PRICE. 
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a  flight,  one  of  the  clam-shell  nose  cones  failed  and  opened. 

The  Air  Force  grounded  all  the  BULLPUPs  with  clam-shell  nose 
cones  until  a  fix  was  made.  While  Maxson  made  the  fix  at  their 
expense,  the  costs  associated  with  the  grounding  were,  of  course, 
borne  by  the  government  and  are  not  shown  in  Figure  12  or  in 
any  cf  the  BULLPUP  data  used  in  this  report. 


D. 


DATA  AVAILABILITY 


Since  the  objective  of  the  study  was  to  measure  quantita¬ 
tively  the  effects  of  competition,  it  was  necessary  to  develop 
a  data  base  of  procurement  awards  that  was  both  competitive  and 
sole-^nuvce  and  to  make  comparisons.  As  mentioned  earlier,  the 
design  phase  of  a  program  is  usually  quite  competitive.  The  prob¬ 
lem  of  measuring  the  effects  of  competition  in  the  design  phase 
is  that  the  only  meaningful  measures  are  the  results  at  the  end  of 
the  development  phase.  No  attempt  was  made  to  measure  the  effects 
of  competition  in  the  design  phase,  because  quantification  of  re¬ 
sults  at  the  end  of  the  development  phase  is  so  difficult.  An 
attempt  was  made  to  identify  and  acquire  data  on  systems  that 
had  competition  during  the  development  and  initial  production 
phase  of  the  programs.  A  few  candidate  systems  were  identified, 
but  attempts  to  obtain  quantifiable  data  were  unsuccessful.  I  bus, 
the  emphasis  of  the  study  was  to  analyze  the  effects  oi  compvti 
tion  during  the  raprocurement  phase  of  the  program. 

An  effort  v  as  made  to  assemble  a  data  base  oi  case  hiscot  tes 
similar  to  the  BULLPUP  price  history.  Four  simple  criteria  were 
established  to  identify  systems  for  which  data  might  be  sought 
for  analysis  of  the  effect  of  competition  in  the  reprocurement 
process.  The  four  requirements  wore 


H*tri*vabl«  prie.-  data.  Price  data  for  many  systems 
no  longer  being  actively  procured  have  been  irretriev¬ 
ably  lost. 

At  ?  <-:.!?;■  t  t.! ito  Le  -  source  v  ecu  we  t  s  o  n  atfaMb.  I  order 
to  establish  a  sole-source  progress  curve,  it  was  ne 
cessary  that  data  from  at  least  two  successive  produc¬ 
tion  buys  be  available. 


•  At  least  one  competitive  award.  In  order  to  determine 
the  benefits  of  competition,  the  data  from  a*  least 
one  competitive  buy  were  needed. 

•  Unit  oos t  of  at  least  $13000  to  avoid  biasing  the  data 
base  with  inconsequential  items,  since  the  results 
should  be  applicable  to  more  major  weapon  systems. 

The  original  plan  was  to  identify  all  systems  meeting  these 
simple  criteria  and  to  select  a  random  sample  for  further 
aralysis.  It  was  found  impossible  to  identify  all  < he  procure¬ 
ments  that  went  from  sole-source  to  competitive.  Records  that 
would  allow  the  tracking  of  procurement  from  contract  to  con¬ 
tract  are  not  usually  maintained.  This  lack  of  formal  procure¬ 
ment  history  by  specific  products  necessitated  the  surveying  of 
procurement  activities  in  order  to  identify  systems  meeting  the 
above  criteria. 

Before  going  further,  two  caveats  should  be  mentioned 
about  the  data.  One  is  that  <eiying  on  the  memory  of  procure¬ 
ment.  personnel  probably  introduces  r.  bias  into  the  data.  Per¬ 
sonnel  were  likely  to  remember  their  successful  procurements 
moif  than  their  unsuccessful.  Secondly,  since  all  the  programs 
in  the  data  base  were  changed  from  sole- source  to  competitive 
procurement,  the  changes  involved  a  decision  that  a  substantial 
price  reduction  could  probably  be  obtained  by  "going  competi¬ 
tive."  Therefore,  the  analysis  of  this  data  base  may  overstate 
the  expected  savings  that  might  be  achieved  by  changing  to 
competitive  procurement  any  system  currently  procured  sole- cource 
and  selected  at  random. 

Despite  the  extensive  survey  taken  to  identify  a  large 
number  of  systems  meeting  the  abovv  criteria,  only  19  systems 
were  so  identified.1 


See  Appendix  G  for  a  detailed  list  of  procurement  activities 
contacted  in  an  effort  to  identify  systems  eligible  for  inclu- 
s ion  in  the  competitive  data  base. 


While  progress  theory  is  based  on  a  relationship  between 
cost  and  quantity,  it  was  found  that  the  only  data  available 
to  us  were  price  data.  Under  a  sole-source  contract,  where 
the  government  is  monitoring  the  contractor's  costs,  marginal 
costs  and  marginal  prices  are  highly  correlated;  and  it  is 
expected  that  progress  theory  will  accurately  reflect  price 
behavior.  Therefore,  we  have  referred  to  the  sole-source 
price-quantity  relationships  as  progress  curves.  Under  a 
competitive  contract,  where  the  government  is  not  necessarily 
monitoring  costs,  the  marginal  cost  and  marginal  prices  may  not 
be  correlated.  The  significance  of  this  fact  will  be  explored 
in  Section  F  of  this  chapter.  However,  for  notational  ease,  we 
have  referred  to  the  price-quar.tivy  relationship  after  the  intro¬ 
duction  of  competition  as  the  post -cc-mpet  i t  i ve  progress  curve. 


E.  SAVINGS  ON  FIRST  COMPETITIVE  BUY 


Table  1C  presents  a  brief  summary  of  the  procurement 
histories  of  10  systems.1  The  second  and  third  columns  pre¬ 
sent  the  sole-source2  first-unit  cost  and  progress -curve 
exponent,  which  completely  specify  the  log-linear  progress 
curve.  The  fourth  column  presents  the  cumulative  number  oi 
units  that  were  procured  under  all  the  sole-source  contracts. 

The  fifth  column  presents  the  number  ut  units  contracted  tor 
under  the  first  competitive  award.  The  sixth  column  lists 
the  estimated  savings  on  the  first  competitive  award;  this  value 
was  calculated  using  liquation  (10a): 


1  See  Appendix  H  for  a  detailed  discussion  and  listing  of  the 
data  collected  for  each  of  these  s  y  s  t  c  ,  in  addition  to  a 
number  of  systems  that  were  originally  identified  as  being 
potential  candidates  for  the  data  base  but,  for  reasons  dis 
cussed  in  Appendix  H,  were  not  included. 


The  TOW  and  the  second  HU  LI.  PUP  procurement  data  shown  in 
Table  10  differ  from  the  other  Table  10  data  in  one  important 


respect 


The  T05V  was  procured  as  a 
from  the  very  start  of  production, 
to  measure  the  price 


dual -source  procurement 
Thus,  it  was  not  possible 
benefits  of  having  (continued  cn  p.  5?  1 


$S 


Table  10.  SYSTEMS  WITH  A  SUMMARY  OF  CHARACTERISTICS 
MAKING  UP  COMPETITIVE  DATA  BASE 


System 

S  c- 1  e  - 
Source 

FI  rs t- 
Unl  t 
Cost 

( thousand 
dollars) 

£cl  e- 
Sou  rce 
Progress-  , 
Curve  I 
E xponentA  i 

Numser 

of 

5  o  1  e  - 
Source 
Units 

Size  of 

F 1  rst 
Com- 

pet 1 t 1 ve 
Award 

Savings 
of  First 
Com- 

pet 1 t i ve 
Award  , 

( percent ) D 

Number 

of 

Bidders , 
First 
Corn- 

pet’  t  i  ve 
Award 

8UILPUP  (Mart In ) j 

122 

-.*•49  | 

10,195 

1  .278 

13.9 

6 

BULlPUP  ( Haxson ) a 

10 

-.149 

4  ,438 

3,580 

45.8 

2 

TALOS  G&C  Unit 

1 ,200 

-.275  | 

1  .605 

470 

42.3 

4 

T0-660  Multiplexer 

239 

-  496 

2.17- 

425 

30.2 

3 

fO-352  Multiplexer 

16 

-  .062 

1  ,383 

2  ,218 

57.3 

6 

T0-202  Radio  Combiner 

29 

-.272 

1  .057 

2  ,18o 

52.5 

6 

T0-204  Cable  Combiner 

32 

-  .248 

2,68? 

2  .687 

50.2 

5 

HAWK  HMNP 

56 

-.432 

8,123 

2  .3*6 

6.4 

4 

A P X - 7 2  Airborne 

T  ransponder 

66 

-.343 

1 3,250 

3,373 

32.6 

2  , 

MK-48  Warhead 

34 

-.171 

552 

480 

53.2 

8 

HK-48  Electrical 
Assembly 

78 

-.311 

61 7 

417 

3?.5 

8 

Aerr.o  60-5402 

1 1 

-.063 

5  35 

39 

57.0 

2 

SPA-2?  Radar  Indi¬ 
cator 

272 

-.460 

1  ,631 

323 

21.3 

e 

5HILLF.'  ,.r,H  Missl  1  e  c 

153 

-.395 

1,393 

21.512 

-0.2 

9 

ROCKEVt  Bomb  c 

33 

-.263 

35,855 

32 ,087 

5  .  1 

1? 

TOW  Missl led 

16 

.135 

24,750 

1? .000 

48.  1 

4 

{ USM- 1 8 1  Telephone 

Test  Set 

5 

-  285 

34  2 

367 

36.0 

10 

FGC-IC  Teletype  Set 

3 

I  -.044 

1  ,704 

376 

32.0 

3 

M 0 - 5 1: 2  Mcdu'.ator- 
0«iO  o  <1j  1  itor 

13 

|  ■  .220 

j  i  ,  5  4 1 

69? 

!  60.3 

1 

1  13 

CV-’r  54  8  Signal  Con¬ 
verter 

37 

! 

-.275 

j  3,945 

7,638 

1 

i 

!  3  6 

Average 

:  7  i 

1  *.?  6  } 

|  5,964 

!  4,719 

i 

i  36.  3 

{ 

!  8.4 

\ 

Standard  Deviation 

?6S 

!  •'» 

j  9.179 

4 _ 

!  3.26'} 

4 

1  18.  v 

1 

-i.  - - -  - - - 

!  4  .  J 

1 _ -J 

*Th«*e  are  the  sole  source  progr ;ss - lyre*  cftirjcUi'isUts  except  ’'or  the  ’0\ *  and 
sb*  ie.;ond  3t’li.PU?  e*s*.  fa?  both  th«i  row  and  the  sescnd  3UU.pop  cave,  tb*r*  had 
been  i  of  i  ej  $  1  -  ^  ou  rg  e  p  r  ocv  r*sa*ft  o  t  %  .  This  represents  the  dual-SOurce  ?r3’ 

gress  curves  of  the  source  that  von  t'se  *  ■.  nr.*'-- t«fe  -  4 1 !  co»p*t  1 1 'on  . 

fvr  the  seeeft.fi  case  end  th*  TOW.  this  It  the  savings  on  th»  finji 

competitive  o«y.  ?4?  the  steord  S'JU.^V?  case  e"d  tfc#  TOW,  tbit  <5  the  savings  0« 
to*  first  vt'fter-taM-ali  a«i rd - 

''Ceepet*  t  ‘  ve  award  s^itt  uetwten  two  p-odycers. 
o  •  *h»th  award  made  v>  fine  r- 1  4  t*  •  *1  1  _ 

s  .  . 

V  fit  . 
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Savings 


100  , 


(10a) 


where 


Savings  *  the  percent  savings  realized  on  the  first 
competitive  procurement; 

E  *  the  estimated  cost  of  buying  the  units 

bought  under  the  first  competitive  contract 
as  an  extension  of  the  sole- source  progress 
curve;  and 

A  =  the  actual  cost  of  the  first  competitive  award. 

For  example,  in  the  BULLPUP  case  the  first  competitive 
award  was  for  1,278  units,  of  which  Maxson  built  200  and  Martin 
built  1,078.  The  actual  price  charge  a  far  these  1,278  units 
was  $5.26  million.  Yet  if  the  1,278  units  were  an  add-on  to 
the  10,195  sole-source  units  already  built  by  Martin  and  the 
sole-source  progress  curve  were  extrapolated,  it  is  estimated 
that  the  cost  would  n«ve  been  $6.1]  millior  accordingly,  rhe 
savings  were 


$6.11  -  $5.26 

5~67TT  x 


100 


13,9% 


Table  10  shows  that  the  arithmetic  average  saving  of  the 
first  competitive  reprocurement  buy  was  37. 5  percent.  There 
was,  however,  a  very  large  dispersion  but  a  symmetrical  dis¬ 
tribution  about  the  average,  with  a  median  of  xr.S,  a  high  of 
60.3  percent,  a  low  of  -0.23  percent,  and  a  standard  deviation 


(ccnt'd)  two  sources.  What  was  possible  to  measure  was  the 
price  changes  that  occurred  wnen  the  dual -source  procurement 
was  shifted  to  a  winner-take-al 1  competitive  procurement.  All 
the  characteristics  for  the  TOW  prog  ess  curve  shown  in  fable 
IP  pertain  to  the  winning  contractor  of  the  winner -taYe-al 1 
competition.  The  ..ethod  for  procuring  the  Mi U. PUP  went  from 
a  sole-source  procurement  to  a  dual -source  procurement  to  a 
winner- take- al 1  procurement.  The  first  set  of  5l£!  I. PUP  data 
are  for  the  case  where  the  BUl.I.PUP  went  from  a  sole- source  to 
a  dual -source  procurement.  The  second  set  of  data  pertai.i 
to  the  point  where  the  BUll.PUP  procurement  went  to  winner- take 
all  and  represent  Maxson’s  pre -winner  -  take  -  a  1 1  progress  curve. 
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o£  18.9,  A  regression  analysis  was  performed  on  the  data  i;i 
ordei  to  try  to  identify  some  of  the  factors  that  would  corre¬ 
late  with  the  cost  savings.  A  regression  equation  relating  the 
actual  cost  of  the  first  competitive  ouy  to  the  number  of  other 
parameters  was  derived  as  shown  by  Equation  (10b),  Because  we 
find  no  a  priori  knowledge  of  what  form  the  equation  should 
take,  we  assumed  the  most  simple  form,  a  basic  linear  equation 
where  each  component  of  the  equation  merely  arithmetically  adds  to 
(or  subtracts  from)  the  total.  The  exact  form  of  the  equation  was 
dictated  by  the  fact  that  it  was  our  desire  to  come  up  ultimately 
wi'-h  an  equation  of  the  form  of  Equation  (10c).  While  Equation 
(10c)  is  not  a  direct  regression  equation,  it  is  an  arithmetic 
manipulation  of  the  regression  equation  and  presents  the  expected 
cost  savings  on  a  percentage  basis  for  the  first  cont  ct  that 
has  had  the  intensity  of  the  competition  increased  as  a  function 
of  the  parameters  shown. 

n;  n? 

A  =  0.383E  -  0.732E  x  +  0.926  x  E  x  +  0.018  x  E  x  jp  (10b) 


E  -  A 


=  0.635  +  0.785  x  L 


1 


^2  ^2 

0.897  X  VT—  -  0.018  X  rr— • 
N2  Nj 


(1PC) 


where 


A  -  the  price  paid  by  the  government  for  the  first 
significant  competitive  award; 

E  =  the  estimate  •  cost  of  the  first  competit  ve  award 
calculated  from  an  extrapolation  of  tru-  sole-source 
progress  curve; 

L1  =  the  progress-curve  exponent  of  the  sole-source 
progress  curve; 

N,  *•  the  number  of  units  that  were  built  under  a  sole- 
1  source  contract  before  competition  was  introduced; 

N2  -  the  size  of  the  first  competitive  award  in  units;  and 

=  the  size  of  the  award  to  the  smaller  of  the  two 
contractors  in  the  case  of  a  split  competition 
(where  there  is  only  one  contractor  winning  the 
award,  is  zero). 
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All  the  coefficients  of  Equation  (10b),  which  explains  96 
percent  of  the  variation  in  the  price  of  the  first  competitive 
award,  are  significant  at  the  .05  level.  It  should  be  noted 
that  the  basic  linear  regression  model  requires  that  the 
variance  be  constant  over  the  range  of  the  data.  Undoubtedly, 
in  the  case  of  our  data,  the  more  expensive  the  award  the 
greater  the  variance  was  likely  to  be.  To  compensate  for  this, 
Equation  (10b)  is  a  weighted  linear  regression  with  each  obser* 
vation  weighted  by  l/E".  It  is  believed  that  once  all  the  data 
points  are  weighted  by  this  factor,  the  assumption  of  homo- 
skedasticity  required  for  the  linear  regression  model  is  met. 

From  Equation  (10c)  ,  it  can  be  seen  that,  the  expected  cost 
savirgs  on  the  first  competitive  award  are  correlated  with-- 

The  sole-source  progress-curve  slope.  The  steeper  the 
progress-curve  slope  the  less  that  is  likely  to  be 
saved . 

•  The  type  of  competition.  Maximum  savings  are  achieved 
on  the  first  competitive  buy  on  a  winner-take-all  com¬ 
petition.  If,  however,  there  are  additional  buys  after 
the  first  competitive  buy,  then  a  winner- take -a  1 1 
strategy  may  not  be  optimum.  The  minimum  expected 
savings  occurs  when  each  competitor  captures  50  percent 
of  the  award. 

*  Th<.  (-dative  size  of  the  first  competitive  iDir,:.  The 

percentage  cost  savings  are  negatively  correlated  with 
the  ratio  of  the  number  of  units  bought  under  the  first 
competitive  award  to  the  total  number  of  units  produced 
under  all  the  sole-source  awards.  Although  this  term 
was  statistically  significant,  it  was  not  quantitatively 
too  important  in  predicting  the  savings  for  the  first 
competitive  buy  because  of  the-  small  siz.e  of  the  coeffi¬ 
cient.  However,  for  a  series  of  competitive  buys,  this 
term  can  become  quantitatively  significant.  (See  Sec¬ 
tion  F,  below,  on  the  behavior  of  the  post-competitive 
progress  curve.) 

Surprisingly,  one  variable  that  does  measure  the  intensity 
of  the  competition  was  not  found  to  be  statistically  significant-- 
namely,  the  number  of  bidders. 

It  was  also  obse  J  that  of  the  1?  winner  -  take - al 1  competi¬ 
tions  in  the  data  base  only  one  was  won  by  the  sole-source  producer. 
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The  empirical  data  present  a  paradox.  As  opposed  to  what  we 
observed,  logic  would  suggest  that,  because  of  the  progress 
curve,  the  sole-source  producer  should  have  a  great  competitive 
advantage  in  any  winner-take-all  competition  and  should  win  most 
often. 

A  number  of  reasons  have  been  advanced  to  explain  why  the 
sole-source  producer  in  our  data  base  won  so  infrequently. 
Reference  to  Figure  13,  which  is  a  conceptual  description  of 
the  data  we  observed,  helps  to  illustrate  the  arguments.  Let 
us  define  the  most  efficient  progress  curve  as  a  cost -quantity 
relationship  such  that  for  any  quantity  no  producer  could  ever 
have  costs  lower  than  the  costs  represented  by  the  most  efficient 
progress  curve  (illustrated  by  Curve  1).  Presumably,  an  ideal 
procurement  environment  would  force  producers  to  be  as  efficient 
as  possible  and  would  lead  to  the  selection  of  producers  with 
the  most  efficient  progress  curves.  Curves  2  and  3  are  meant  to 
represent  symbolically  all  the  other  possible  progress  curves 
(less  efficient  than  the  most  efficient  progress  curve)  that 
could  be  followed. 

If  a  sole-source  producer  were  following  the  most  efficient 
progress  curve,  except  for  either  the  case  where  this  producer 
was  making  excess  profits  (generally  precluded  in  a  sole-source 
contract  unoer  the  Armed  Services  Procurement  Regulations)  or 
the  case  of  a  "buy-in"  by  a  competitor,  there  would  be  neither 
much  likelihood  of  achieving  significant  savings  by  introducing 
competition  nor  much  chance  of  the  sole-source  producer's  losing 
the  competition.  On  the  other  hand,  if  the  sole- source  producer 
were  following  an  inefficient  progress  curve  (2  or  3),  there  is 
a  significant  opportunity  for  price  reduction  by  introducing 
competition,  since  the  competition  would  allow  some  other  pro¬ 
ducer  (who  might  follow  a  more  efficient  progress  curve)  either 
to  bid  on  the  product  and  win  the  competition  or  to  force  the 
sole-source  producer  to  .  more  efficient  progress  curve.  There 
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Figure  13.  ALTERNATIVE  COST-QUANTITY  CURVES 


are  some  institutional  reasons  that  may  make  it  difficult  for 
the  sole- source  producer  following  an  inefficient  progress 
curve  to  shift  to  a  more  efficient  progress  curve.  These 
institutional  reasons,  which  would  mitigate  against  the  changes 
that  the  sole -source  producer  must  make  in  his  cost  structure 
if  he  is  to  win  the  competition,  may  more  than  offset  the  sole- 
source  producer's  advantage  in  being  experienced  in  the  pro¬ 
duction  of  the  product.  Since  the  savings  achieved  by  intro¬ 
ducing  competition  exceeded  10  percent  for  ail  but  three  cases 
in  our  data  base  (and  only  one  of  these  was  a  winner- take-all) , 
it  would  appear  that  the  most  efficient  progress  curve  was 


seldom,  if  ever,  observed.  The  fact  that  our  data  base  was 
composed  mainly  of  products  following  progress  curves  that  were 
not  the  most  efficient,  combined  with  the  institutional  diffi¬ 
culty  of  changing  an  established  production  procedure  (with 
attendant  costs)  ,  goes  a  long  way  to  explain  why  the  winning 
of  the  competition  by  the  sole-source  producer  was  so  infre¬ 
quently  observed. 

Referring  again  to  Figure  13,  it  is  obvious  that  for  some 
quantity  produced  the  potential  savings  that  can  be  achieved 
by  shifting  from  an  inefficient  progress  curve  to  the  most 
efficient  progress  curve  will  be  greater  for  products  follow¬ 
ing  an  inefficient  flat  progress  curve  than  for  products 
following  an  inefficient  steep  progress  curve.  This  is  exactly 
what  our  derived  regression  equations  for  savings  predict. 

Before  leaving  this  section,  an  important  caveat  should 
be  res'ated.  Our  data  base  was  not  a  random  selection  of  all 
systems  being  procured  sole- source .  In  order  to  enter  our  data 
base,  the  system  had  to  be  competed  at  least  once.  Therefore, 
someone  had  to  make  the  conscious  decision  that  it  was  techni¬ 
cally  possible  to  compete  'he  system  and  that  the  potential 
savings  from  competition  more  than  offset  the  costs  associated 
with  developing  the  necessary  data  to  run  the  competition. 

Thus,  the  regression  equations  we  have  derived  to  predict  the 
savings  that  might  be  achieved  when  competition  is  introduced 
may  not  yield  unbiased  estimators  for  predicting  the  savings 
that  might  be  achieved  when  competition  is  introduced  into  any 
sole-source  procurement  chosen  at  random. 

V.  POST -COHPET  HIVE  PRICE-QUANTITY  CURVE  BEHAVIOR 

In  order  to  determine  what  happens  to  the  progress  curve 
after  the  introduction  of  competition,  H  post -compet it ive 
progress  curves  were  developed  ’from  systems  in  the  data  base 
that  had  at  least  one  additional  procurement  after  the  first 
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competitive  procurement.  It  was  necessary  to  have  at  least  one 
additional  procurement  after  the  first  competition  in  order  to 
develop  a  post-competitive  progress  curve.  Of  the  14  post- 
competitive  progress  curves,  6  were  for  the  case  where  bidders 
received  percentages  of  the  total  award,  5  were  competitive 
winner-take-all  in  subsequent  buys,  and  3  were  sole-source 
awards  to  the  winner  of  the  first  competition.  In  addition, 
the  only  data  available  to  us  were  price  data  (rather  than  cost 
data),  forcing  us  to  deal  with  post -competitive  price  curves, 
which  might  not  have  the  same  slope  as  the  underlying  cost 
curve.  The  implication^  of  having  price  data  rather  than  cost 
data  will  be  discussed  more  fully  in  Section  r  of  this  chapter. 

In  deriving  post -competitive  progress  curves  for  some  of 
the  systems,  a  problem  arises  that  does  not  arise  in  derivi.  g 
sole-source  progress  curves.  The  problem  is  determining  »h:  t 
cumulative  quantity  should  be  used  as  the  starting  point  for 
the  progress  curve.  If  the  winner  of  the  competition  has  been 
the  sole-source  producer,  there  is  no  ambiguity  in  selecting 
the  quantity  against  which  to  start  plotting  the  post -competitive 
contract  prices.  The  quantity  is  just  a  continuation  of  sole- 
source  cumulative  units.  However,  if  the  producer  that  wins 
the  competition  is  a  new  producer,  there  is  some  ambiguity  as 
to  where  his  progress  curve  should  be  started.  On  the  one 
hand,  conventional  practice  in  deriving  progress  curves  is  to 
plot  cost  versus  cumulative  quantity  built  by  a  given  producer. 
This  practice  would  suggest  that  the  new  producer's  quantity 
should  start  at  unit  1.  However,  in  the  case  a  second • source 
producer,  who  may  have  been  supplied  drawings  and  even  working 
models,  there  is  a  particularly  Urge  ambiguity  as  to  where  to 
start  his  progress  curve. 

Ideally,  if  enough  data  existed,  a  nonlinear  regression 
equation  could  be  derived  that  would  estimate  not  oniy  the 
intercept  and  the  slope  but  also  the  starting  quantity. 
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Unfortunately,  we  did  not  have  enough  data  to  do  this.  What 
was  done,  instead,  was  to  construct  post-competitive  progress 
curves  for  new  producers  under  two  different  assumptions: 

(1)  the  starting  unit  was  unit  1;  (2)  the  starting  unit  was  the 
cumulative  number  of  units  produced  by  the  sole-source  producer. 
Table  11  presents  the  results  of  this  comparison  for  the  11 
systems.  As  can  be  seen  from  Table  11,  the  effect  of  starting 
the  progress  curve  at  the  point  where  the  sole-source  producer 
left  off  is  to  accentuate  the  slope  of  the  post-competitive 
progress  curve.  Four  of  the  10  systems- -RULLPUP ,  ROCKEYE, 

HAWK,  and  Aerno  60-6402,  whose  slopes  were  derived  by  starting 
at  the  point  where  the  sole-source  producer  was  at  the  time  of 
the  first  compet it  ion - -can  be  rejected  because  they  are  well 
outside  the  range  of  progress-curve  slopes  that  are  commonly 
observed.  The  slope  of  a  fifth  system  (the  TD-202)  is  so  flat 
that  it  makes  no  difference  where  the  starting  point  is  taken. 
With  4  of  the  10  curves  giving  implausible  results  when  they 
are  plotted  starting  at  the  point  where  the  sole-source  producer 
left  off,  there  is  a  strong  indication  that  the  starting  point 
must  be  some  number  significantly  less  than  the  point  where 
the  sole-source  producer  left  off. 

Further,  there  is  strong  evidence  that  the  post -compet i t ive 
progress  curve  will  have  a  slope  that  is  flatter  than  the  sole- 
source  progress  curve.  As  can  be  seen  t row  lable  11,  10  oi  the 
14  post -compet i t ive  progress  curves  have  slopes  that  are  as 
flat  or  flatter  than  the  sale-source  progress  curves,  even  when 
the  post - compet i t ive  progress  curves  art  derived  starting  at  the 
point  when  competition  was  introduced.  In  addition,  the  statis¬ 
tically  significant  negative  sign  on  the  coefficient  associated 
with  the  sire  of  the  first  competitive  award  shown  in  Equation 
(10c)  is  confirmation  that  the  post -compet  it  ive  progress  curve* 
is  flatter  than  the  sole-source  progress  curve.  It  should  be 
noted  that  Equation  flOc!,  as  opposed  to  Table  11,  was  derived 
from  a  data  base  that  required  no  assumption  about  where  the 
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Table  U.  COMPARISON  OF  POST-COMPETITIVE  PROGRESS-CURVE  SLOPES 

[In  percent] 


System 

Sole- 

Source 

Progress- 

Curve 

Slope 

Post- 

Competlt 1 ve 
Progress  • 
Curve  Slope 
Startlnq  at 
Unit  1 

Post-Competitive 
Progress-Curve  Slope 
Starting  at  the 
Cumulative  Number 
Produced  at  the 
Point  of  Competition 

BULLPUP  (Martin) 

78.5 

♦ 

79.9 

BULLPUP  (Maxson) 

73.5 

90.2 

39.5 

TD-S60  Multiplexer 

70.9 

96.6 

78.9 

TD-352  Multiplexer 

95.3 

97 . 3 

93.4 

TD-202  Radio  Combiner 

87.4 

99. B 

99.6 

T0-204  Cable  Combiner 

84.1 

95.9 

91.5 

HAWK  MMMP 

74.1 

90.  9 

61.1 

APX-72  Airborne  Transponder 

78.8 

96.3 

77.3 

Aarno  60-6402 

95.7 

103.7 

161.5 

SHILLELAGH  Missile  (Phllco) 

76.0 

76.0 

SHILLELAGH  Missile  (Martin) 

76.0 

90.1 

84.9 

ROCKEYE  Bomb  (Honeywell) 

83.3 

83.4 

ROCKEYE  Bomb  (Harquardt) 

83.3 

100.8 

110.8 

TOW  Missile 

91.6 

100.9 

Does  not  start  at  Unit  1  because  follows  units  produced  by  same  con¬ 
tractor  under  sole-source  procurement. 


post -competitive  progress  curve  started  ana  that  was  larger 
than  the  data  base  used  in  conjunction  with  Table  11.  If  the 
post -competit i ve  progress  curve  were  either  as  steep  as  or 
steeper  than  the  sole-source  progress  curve,  then  we  would 
expect  the  coefficient  associated  with  the  si?.e  of  the  first 
competitive  award  shown  in  Equation  (10c)  *  it  her  to  be  insignifi¬ 
cant  or  to  have  a  positive  sign,  respectively.  The  negative 
sign  means  that  the  larger  the  post -eonspet it  ive  award  the 
smaller  the  percentage  savings. 

A  corollary  of  the  pcst-coapet it ive  progress  curves' 
flatter  slope  is  that  it  will  have  a  lower  intercept  (first-unit 
cost)  than  the  sole-source  progress  curve. 

Detailed  theoretical  arguments  hav ?  been  developed  in 
Appendix  F  for  both  the  competitive  cost  and  price  curves 
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having  lower  intercepts  and  flatter  slopes  than  the  sole-source 
progress  curve.  These  arguments  take  into  consideration  such 
concepts  as  the  producer's  efficiency,  including  the  effect  of 
the  Armed  Services  Procurement  Regulation  (ASPR)  profit  guide 
lines,  and  the  likely  shift  in  pricing  strategies  as  the  type 
of  contract  award  shifts  from  sole-source  to  competitive. 

Our  main  interest  in  this  section  is  the  behavior  of  the 
pos t - compet i t i ve  price-quantity  curve;  therefore,  we  have  briefly 
summarized  below  the  major  argument  (which  is  based  on  a  com¬ 
petitive  pricing  strategy)  about  why  the  post -competitive  price- 
quantity  curve  should  have  a  lower  intercept  and  flatter  slope 
than  the  sole-source  progress  curve: 

On  the  one  hand,  during  the  sole-source  procurement,  DoD 
forces  the  sole-source  producer  to  loiter  his  price  as  he 
proceeds  down  the  cost -progress  curve.  On  the  other 
hand,  in  a  competitive  procurement  twhere  the  emphasis  is 
on  price  rather  than  on  cost)  ,  the  competitive  producer 
has  an  incentive  to  establish  a  price  that  is  sufficiently 
low  to  capture  the  market.  However,  once  the  market  is 
captured,  he  has  no  further  incentive  or  DoD  requirement 
to  lower  the  price  more  than  is  necessary  to  maintain  the 
market,  regardless  of  how  his  costs  decline.  In  the  case 
of  the  limited  market  for  specialized  DoD  products,  where 
there  is  a  winner-take-all  competition,  there  is  little 
incentive  for  the  winner  of  the  first  competitive  award 
to  lower  his  price  significantly  on  the  second  competition, 
since  he  knows  that  none  of  the  losing  competitors  of 
the  first  competition  were  able  to  lower  their  costs 
through  the  progress- curve  phenomenon;  and,  hence,  the 
losers'  second- round  competitive  bids  are  not  likely  to 
be  much  lower  than  their  first-round  competitive  bids. 

The  flatter  competitive  price-curve  is  quite  consistent 
with  what  is  sometimes  observed  for  certain  products 
(particularly  vehicles)  in  the  commercial  (competitive) 
marketplace,  where  the  product  prices  follow  an 
essentially  flat  price-quantity  curve  over  relatively 
large  production  quantities. 

figure  14  illustrates  the  relationship  between  the  sole- 
source  progress  curve  and  the  post -compel i t i ve  progress  curve-- 
narac-ly,  that  the  post -compel  f  t  ivc  curve  has  a  flatter  slope  and 
a  Icw«r  *irst-unit  Cv>s*  .  The  point  of  immediate  interest  ir, 


of 


UNIT  PRICE 


CUMULATIVE  QUANTITY 


Figure  14.  POST-COMPETITION  PROGRESS-CURVE  MODEL 

Figure  14  is  that  the  two  curves  may  actually  intersect.  It 
is  apparent  from  the  geometry  of  Figure  14  that  the  Mirabel  of 
units  that  must  he  produced  before  the  intersection  point 
occurs,  if  one  exists,  is  dependent  cn  the  nuabor  of  units 
that  have  been  produced  before  competition  is  introduced,  and 
the  degree  at  which  the  post  -  compel  it ive  curve  flattens  cut. 
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In  order  to  examine  parametrically  the  number  of  cumulative 
units  that  must  be  produced  before  an  intersection  point  might 
be  expected  to  occur,  it  is  necessary  to  derive  equations  that 
could  be  used  to  predict  the  post -competitive  progress-curve 
slope  and  intercept. 

The  procedure  used  to  develop  estimators  of  the  post- 
competitive  progress-curve  slope  and  intercept  (first-unit  cost) 
are  as  follows:  A  regression  equation  was  derived  from  the  12 
post- competitive  progress -curve  slope  data  shown  in  Table  11 
inder  the  assumption  that  a  new  producer's  post- competitive 
progress  curve  starts  at  unit  1. 

Equation  (11a)  presents  the  equation  that  was  derived  from 
the  slope  data: 

L,  =  0.220L,  -  0.221P  -  0 - 064S  ♦  2.64  x  10"6N  ,  (11a) 

Z  1  **■ 


where 

l  «*  the  post-competitive  progress -curve  exDonent; 

Lj  -  the  sole-source  progress  -  curve  exponent; 

p  »  a  dummy  variable  (it  is  l  if  the  post -compel  it ive 
curve  i s  for  the  producer  who  was  the  sole- source 
p r oduc c r ;  otherwise,  it  is  0 ) ; 

S  •  a  dummy  variable  (it  is  0  if  the  competition  was 
a  winner- take- al 1 ;  if  not,  it  is  1);  and 

N:.  *  the  cumulative  number  of  units  built  under  the 

1  sole- source  contracts. 

Equation  Ilia)  explains  89  percent  oi  the  variance  in  l.,, 
with  all  the  coefficients  significant  at  the  .01  level.  A 
first -order  approximation  of  the  effect  that  the  number  ot 
units  built  by  a  sole -source  producer  has  on  the  estimated 
slope  of  a  second  -  source ' s  progress  curve  under  the  assumption 
that  the  second- source ' s  progress  curve  starts  at  unit  1  is 
given  by  the  coefficient  on  in  Equation  (Ha).  While  the 
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term  is  statistically  significant  and  shows  what  we  would 
expect  (that  the  larger  is,  the  flatter  the  estimated  sole- 
source  progress  curve  would  be- -under  the  assumption  that  the 
curve  starts  at  unit  1),  it  is  not  too  significant  quantitatively. 


Equation  (lib)  presents  the  equation  that  was  derived  from 
the ^intercept  data  of  Table  12. 

V 


x  F  x  . 

(lib) 

'1  , 

(11c) 

where 


F?  -  the  post-competitive  progress-curve  intercept 
'  (first -unit  cost) ; 

=  the  sole-source  progress -curve  intercept, 

P  =  a  dummy  variable  (it  is  I  if  the  post-competitive 
award  producer  was  also  the  sole-source  producer; 
otherwise,  0); 

the  cumulative  number  of  sole- source  units  produced; 
and 

the  sole- sou* cc  progress-curve  exponent. 


l'l 

'•i 


Equation  (lib),  which  is  a  weighted  regression  with  each 
observation  weighted  by  1/F/',  explains  9$  percent  of  the  varia¬ 
tion  in  the  post - corapet i t ive  progress  curve's  first -unit  cost. 

It  should  be  noted,  that  because  the  same  data  were  used  tc  derive 
Equations  (ila)  and  (11b)  they  are  potentially  correlated.  How¬ 
ever,  their  residuals  have  a  correlation  coefficient  of  only 
0.13.  Equation  (lie)  is  merely  Equation  illb)  algebraically 
transformed  so  that  the  percentage  reduction  in  the  first -unit 
cost  G3V  be  calculated  directly. 
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G.  IMPLICATIONS  OF  THE  CHARACTERIZATION  OF  THE  POST- 
COMPETITIVE  COST  CURVE 

Returning  to  Figure  14,  let  us  examine  the  implications  of 
the  post  competitive  progress  curve's  having  a  lower  intercept 
and  a  flatter  slope.  The  flattening  out  of  *he  post-competitive 
progress  curve  raises  the  question  of  what  hapn  -ns  when  the 
sole-source  and  competitive  curves  intersect:  Does  the  competi¬ 
tive  curve  turn  down  and  fo.*  lew  the  sole-source  curve,  oi  does 
it  remain  flat  and  cross  ovtr'’  If  it  does  cross  over,  then  all 
points  on  the  right  side  of  tic  intersection  represent  higher 
prices  due  to  comoet i t ion .  The  derived  regression  equations  for 
the  post-competitive  progress-curve  slope  and  intercept  can  be 
used  to  examine  parametrically  for  what  quantifies  the  intersec¬ 
tion  is  expected.  The  mathematics  are  such  that  the  intersection 
point  is  very  sensitive  to  the  sole-source  progress -curve  slope 
and  to  the  point  at  which  competition  is  introduced.  Figure  15 
shows  this  relationship.  It  can  be  seen  from  F  ure  15  that  for 
most  reprocurement  situations  the  question  of  whether  the  two 
corves  cross  over  ot  merely  intersect  is  academic,  since  the  poin 
of  intersection  occurs  at  quantities  far  in  excess  of  the  normal 
procurement  quantities  cf  major  systems.  Further,  it  should  be 
noted  that  the  effect,  it  any,  of  starting  the  post  competitive 
progress  curves  of  the  second- source  producer  in  oev  data  base 
at  unit  1  will  bias  the  estimation  of  the  post -cor&pet  ..t  ive 
progress -curve  slope.  The  actual  slope  should  be  equa.  to  ot 
steeper  than  the  estimated  slope.  If  the  actual  slept'  .teeper 
than  the  estimated  slope,  Figure  15  will  understate  the  point 
of  intersect  ion . 

Although  the  question  of  whether  the  curves  merely  inter¬ 
sect  or  cross  over  is  academic  for  most  reprocurement  situations, 
the  tact  that  the  progress  curve  does  flatten  has  the  following 
important  trap! icat ions :  (i)  there  is  a  liait  to  the  amount  of 

savings  fros  competition,  no  matter  how-  large  the  procurement 
will  be,  and  :2)  savings  (jroo  what  would  be  expected  to  be  paid 


70 


if  the  sole-source  progress  :urve  were  extrapolated) ,  measured 
in  percentage  terms,  decrease  with  each  successive  Tnst- 
competitxve  procurement.  It  might  be  noted  in  passing  that  the 
cost  savings  from  the  second  competitive  buy  averaged  one  percent 
less  than  the  savings  achieved  on  the  first  competitive  buy. 

Figure  16  is  presented  as  a  sidelight  to  the  analysis. 

It  shows  that  because  of  the  progress-curve  effects,  the  posi¬ 
tive  effects  of  a  continuing  dual-source  competition  may  be 
diminished  for  system-  with  steep  progress-curve  slopes.  When 
the  competition  is  split  between  two  contractors,  each  producer 
will  produce  fewer  units  cnid  be  further  up  on  his  progress 
curve.  The  additional  cost  that  will  be  incurred  by  having 
two  producers  produce  a  combined  total  of  N  units,  compared 
to  the  cost  incurred  by  a  single  producer  producing  the  N  units, 
is  shown  in  Figure  16  ;  '  function  of  the  progress  curve  and 

the  proportion  of  the  j,..is  made  by  the-  smaller  of  the  two  pro¬ 
ducers.  Figure  16  is  tased  on  the  assumption  that  both  producers 
are  efficient  and  follow  the  same  progress  curve.  Note  that 
Figure  16  represents  cost  and  not  price.  It  is  possible  that 
with  the  pressure  of  competition  the  producers  may  take  a 
lesser  profit  and  reduce  their  prices.  Or,  in  the  absence  of 
competition,  they  might  not  be  on  as  efficient  a  progress  curve. 
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Chapter  V 


PRICES  OF  MILITARY  SYSTEMS  COMPARED  WITH  THOSE  OF 
SIMILAR  COMMERCIAL  SYSTEMS 


A.  INTRODUCTION 

There  is  a  commonly  expressed  belief  that  military  systems 
cost  considerably  more  than  comparable  commercial  systems.  The 
objectives  of  this  chapter  are  to  test  this  hypothesis  and  to 
quantify  the  difference  in  price  between  similar  military  and 
commercial  systems. 

In  making  a  comparison  between  prices  of  military  and  com¬ 
mercial  equipment,  we  are  limited  to  equipment  for  which  mili¬ 
tary  and  commercial  analogues  exist.  Furthermore,  since  mili¬ 
tary  and  commercial  equipment  are  not  identical  in  performance 
characteristics,  the  comparison  has  to  be  limited  further  to 
equipment  that  can  be  normalized  to  a  common  basis.  For  non- 
combatant  f>i”craft,  ships,  and  wheeled  vehicles  of  similar 
types,  pvio  s  can  be  normalized  on  a  basis  of  empty  weight  and/ 
or  the  weight  of  useful  load  carried  >ayioad,  crew,  supplies, 
and  fuel) . 

For  several  important  reasons,  weight  was  chosen  as  the 
parameter  to  normalize  the  end  items  being  compared.  First, 
it  is  an  unambiguous  measure.  Second,  empty  weight  is  highly 
correlated  with  the  amount  of  material  in  a  vehicle  and,  hence, 
for  a  particular  vehicle  type,  with  the  amount  of  work  that 
went  into  its  fabrication.  Thus,  it  was  felt  that  for  the 
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types  of  products  compared  in  this  study  (transport  aircraft, 
noncombatant  ships,  and  wheeled  vehicles)  weight  vas  a  good 
surrogate  for  the  "value"  purchased.  That  weight  and  price 
are  highly  correlated  is  borne  out  by  the  regression  results 
that  will  be  presented  in  subsequent  paragraphs,  where  the  unit 
weight  explains  94  percent  and  93  percent  of  the  variation  in 
unit-price  variable  for  transport  aircraft  and  wheeled  vehicles, 
respectively. 

Some  readers  may  feel  that,  despite  the  high  correlation 
between  price  and  weight  for  the  products  compared,  the  products 
should  be  compared  on  a  performance  basis,  since  weight  does 
not  tell  the  complete  story.  The  problem  with  comparing  products 
on.  a  performance  basis  is  ‘hat  performance  is  multidimensional. 

In  the  case  of  cargo  ships  and--to  a  lesser  extent--in  the  case 
of  transport  aircraft,  there  is  a  single  predominant  performance 
parameter,  which  is  the  useful  load-carrying  capacity  of  the 
vehicle.  Therefore,  in  the  case  of  cargo  ships,  we  have  made 
the  price  comparison  on  a  per-pound  basis  of  useful  load -carrying 
capacity.  In  the  case  of  aircraft,  we  have  made  two  comparisons: 
one  on  a  per-pound  basis  of  useful  load-carrying  capacity,  and 
the  other  on  a  per-pound  basis  of  vehicle  empty  weight.  In  the 
case  of  trucks,  there  is  no  one  predominant  performance  char¬ 
acteristic  (e.g.,  two  trucks  with  the  same  payload  rating  might 
operate  over  a  wide  range  of  terrains  and  have  different  horse¬ 
power,  different  numbers  of  drive  wheels,  different  degrees  of 
ruggedness,  etc.).  To  attempt  to  develop  a  technique  that  could 
normalize  for  all  the  dimensions  of  performance  with  the  available 
data  would  be  impossible,  and  as.  'ttempt  to  account  for  only 
some  of  the  performance  measures  would  be  subjective  and  not 
likely  to  result  in  price-predictive  equations  with  properties 
superior  to  the  regression  equations  that  were  derived  by  use 
of  vehicle  weight.  Of  course,  in  the  case  of  trucks,  comparing 
military  and  commercial  prices  on  a  weight  basis  begs  the  question 
of  whether  (for  a  given  payload)  military  vehicles  weigh  more 
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than  commercial  vehicles.  Heavier  vehicles  for  a  given  payload 
may  be  correlated  with  the  ruggedness  of  the  vehicles.  If  the 
military  are  requiring  their  vehicles  to  meet  a  harsher  environ' 
ment ,  then  the  higher  military  weight  and  correspondingly 
higher  price  are  probably  due  more  to  performance  specifica¬ 
tions  than  to  other  procurement  practices. 

Complicating  the  comparisons  is  our  inability  to  obtain 
commercial  cost  data,  as  well  as  the  different  relationships 
between  cost  and  price  that  generally  occur  in  the  civilian  and 
defense  marketplaces.  In  most  major  military  procurements  (and 
aircraft  in  particular)  ,  there  is  generally  a  direct  correlation 
between  marginal  cost  and  marginal  price,  while  with  commercial 
procurement  practices  in  those  industries  that  manufacture 
vehicles  the  prices  tend  to  be  fixed  over  large  production 
quantities,  even  though  the  marginal  production  costs  may  be 
falling.  For  example,  the  cumulative  average  price  per  pound 
(in  constant  dollars)  of  delivered  C-141s  was  $101  after  the 
first  21  and  $58  after  the  first  2^8,  over  a  seven-year  period. 

On  the  other  hand,  the  cumulative  average  price  per  pound  paid 
for  delivered  DC-8s  was  $58  for  the  first  21  and  $61  for  the 
first  556 ,  over  a  13-year  period.  The  relationship  between 
cost  and  price  for  military  aircraft  programs  is  conceptually 
illustrated  by  Figure  17.  In  commercial  programs,  the  selling 
price  is  approximately  constant  (in  real  terms)  over  an  extended 
period  of  the  program.  Initially,  the  company  loses  money 
while  the  selling  price  does  not  cover  costs;  and  later  the 
company  makes  money  when  the  selling  price  is  greater  than  costs. 
Should  the  company's  profits  become  excessive,  other  firms  would 
be  attracted  to  the  market  and  the  prices  would  eventually  be 
lowered,  in  order  to  maintain  the  company's  competitive  advantage. 
In  the  case  of  a  military  program,  the  government  usually  buys 
in  yearly  increments  and  pays  a  price  that  covers  costs  and 
provides  a  profit  to  the  company.  Because  of  these  differences 
’n  pricing  practices,  it  is  necessary  to  compare  the  revenues 
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Figure  17.  RELATIVE  COSTS  AND  PRICES  FOR  COMMERCIAL  AND 
MILITARY  VEHICLE-MANUFACTURING  PROGRAMS 

that  a  commercial  producer  received  for  a  given  product  that 
has  earned  a  profit  and  the  revenues  that  a  rilitary  supplier 
received  for  an  analogous  product -- both  normalized  on  a  weight 
basis . 

B.  COMPARISON  OF  MILITARY  Ahu  COMMERCIAL  AIRCRAFT 

Military  combat  aircraft  generally  have  characteristics 
not  found  in  commercial  aircraft,  and  it  would  be  difficult  to 
compare  them  with  any  similar  commercial  systems.  However, 
we  believe  that  large  military  transports  are  quite  similar 
to  commercial  airliners,  and  we  will  compare  prices  for  these 
two  types  of  aircraft.  In  order  to  compare  pri  es,  it  will  be 
necessary  to  normalize  for  weight,  quantity  produced,  calendar 
time,  and  the  amount  of  government  capital  provided  to  the  air¬ 
craft  industry  for  military  aircraft  production. 

Table  J-I  (see  Appendix  J)  presents  the  airframe  cost 
index  used  to  normalize  orices  to  1970  dollars, 
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As  part  of  one  of  the  defense  profitability  studies  cited 
in  Appendix  I,  the  General  Accounting  Office  (GAO)  Defense 
Industry  Profit  Study,  1971  [28]  presents  comparative  financial 
data  cn  commercial  and  DoD  sales  for  12  aircraft,  missile,  and 
space  contractors.  This  report  shows  the  following  profit 
figures  for  DoD  and  commercial  sales  by  these  companies: 

Profit  as  Percent  of--  Commercial  Pop 

Sales  6.6  4.3 

Total  Contractor  Capital  Investment  10.0  12.9 

As  explained  in  the  following  text,  Table  12  car  be  constructed 
with  these  data,  assuming  an  equal  sales  price  of  $100  to  both 
DoD  and  commercial  buyers. 

Table  12.  COMPARATIVE  FINANCIAL  DATA  FOR  $100  IN  SALES, 
COMMERCIAL  AND  DoJ  BUYERS 


Item 

Commerci al 

DoD 

Contractor  Cost 

$  93.40 

$  95.70 

Pro  fl  t 

6.60 

4.30 

Selling  Price 

$100.00 

$100.00 

Total  Contractor  Capital  Investment 

66.00 

33.30 

Total  Government  Capital  Investment 

0 

32.70 

Charge  for  Government  Capital-  Investment 

- 

0 

4.60 

Note  that  for  equal  selling  price  the  commercial  profit  is 
$6.60,  while  the  DoD  profit  is  $4.30.  The  amount  of  total  con¬ 
tractor  capital  investment  can  be  calculated  from  the  profit 
figures  as  follows: 

For  commercial:  $6.60/. 100  =  $66.00 

For  DoD:  $4. 30/. 129  -  $33.30 

In  the  case  of  commercial  business,  there  is  no  government 
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capital  investment;  but  in  the  case  of  DoD  business,  there  is 
government  capital  supplied  in  the  form  of  progress  payments, 
cost  reimbursement,  equipment,  and  facilities. 

If  we  assume  that  the  same  total  capital  investment  is 
required  for  an  equal  amount  of  military  or  commercial  sales, 
then  the  government  capital  investment  must  be  approximately 
$32.70,  as  shown  in  Table  12.  The  total  contractor  capital 
investment  increases  the  selling  price  in  two  ways:  the  physi¬ 
cal  part  of  the  investment  (plant  and  facilities)  increases 
contractor  cost  through  depreciation,  and  all  the  investment 
(physical  plus  working  capital)  increases  profit,  since  a  return 
must  be  earned  on  this  investment.  The  $32.70  of  government 
capital  investment  (see  Table  12)  should  also  increase  price 
in  these  same  two  ways.  In  order  to  calculate  depreciation  on 
government  capital  investment,  one  would  have  to  know  the  portion 
represented  by  plant  and  facilities  and  the  depreciation  sched¬ 
ules  for  the  various  plant  and  facilities  items.  This  informa¬ 
tion  is  not  available  to  us.  In  order  to  make  a  calculation, 
let  us  assume  that  half  the  $32.70  represents  plant  and  facili¬ 
ties  and  that  the  average  rate  of  depreciation  is  8  percent  per 
year.  Depreciation  cost  would  then  be  0.5  x  $32.70  x  0.08  e  $1.31. 
If  we  charge  a  return  on  investment  for  the  government  capital 
investment  equal  to  that  realised  on  the  contractor  investment 
in  commercial  sales  (10.0  percent),  then  the  return  on  invest¬ 
ment  for  the  government  capital  investment  is  $3.30.  Hence, 
the  cost  to  the  government  must  be  increased  by  $1.31  +  $3.30, 
or  4.6  percent,  to  account  for  depreciation  and  return  on  in¬ 
vestment  of  government -provided  capital. 

A) though  commercial  programs  differ  in  profitability  (and 
some  have  been  unprofitable),  the  aggregate  of  commercial 
programs  shows  a  profit  in  percent  of  sales  comparable  to  that 
of  DoD  work,  according  to  the  figures  presented  earlier. 

In  the  case  of  commercial  sales,  RDI6I-  costs  must  be  recovered 
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in  the  selling  price  of  the  aircraft  to  the  airlines  over  the 
life  ot  the  program.  In  the  case  of  military  programs,  the 
RDTfjE  costs  are  paid  for  by  the  government  as  they  are  incurred 
Hence,  a  typical  military  program  will  have  much  higher  costs 
to  the  buyer  (DoD)  in  the  early  years  than  is  the  case  in 
commercial  programs.  However,  by  taking  the  total  sales  over 
the  life  of  these  programs,  we  should  capture  the  RDT5E  costs 
as  well  as  the  production  costs  for  both.  In  that  way  we  will 
be  able  to  compare  total  program  costs  for  military  and  com¬ 
mercial  programs. 

Where  RDTSE  costs  of  military  aircraft  programs  were  un¬ 
obtainable,  we  have  estimated  RDT5E .  This  estimate  is  SO  times 
the  cumulative  average  cost  of  the  first  100  planes.  This 
estimate  was  derived  from  a  sample  of  12  transport  and  comb a  . 
aircraft  programs  for  which  actual  RBT$E  TigUrgs>  production 
quantities,  and  costs  were  available.  fo  obtain  a  total  pro¬ 
gram  cost,  we  have  useu  "flyaway  costs"  as  procurement  costs 
and  added  this  RDT§E  estimate.  Unless  otherwise  noted,  all 
prices  are  in  1970  dollars. 

Another  difference  in  the  cost  of  military  relative  to 
commercial  procurement  may  iie  in  the  in-house  procurement  cost 
of  the  buyer.  There  is  some  evidence  that  the  number  of  govern 
meat  employees  (both  civil  service  and  military)  involved  in 
DoD  procurement  is  considerably  greater  than  the  number  of, 
say,  airline  employees  involved  in  procurement  for  programs 
of  similar  size.  We  have  not  been  able  to  quantify  this 
difference  and  have  not  included  any  such  differences  in  our 
method  of  analysis. 

Two  types  of  comparison  were  made  of  military  and  com 
mercial  aircraft  prices:  (1)  on  a  case  -  by -case  basis,  in 
which  individual  pairs  of  military  and  commercial  aircraft 
were  compared;  and  (2)  on  an  aggregated  basis,  in  which  the 
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aircraft  prices  and  weights  (empty  and  useful  load-carrying 
capacity1)  were  correlated  and  a  statistical  test  was  made  to 
determine  if  there  were  significant  differences  between  the 
commercial  and  military  prices. 

1 .  Individual  Comparisons 

The  following  is  a  single  case  to  illustrate  the  case-study 
methodology.  Note  that  comparisons  are  made  on  bases  of  air¬ 
craft  empty  weight  and  aircraft  useful  load- carrying  capacity. 

a .  Case  Study:  C-141  Versus  DC-8 

The  DC- 8  was  developed  by  Douglas  and  powered  by  four 
Pratt  and  Whitney  jet  engines.  The  C-141  was  produced  by 
Lockheed  and  was  powered  by  the  same  basic  engine  as  the  DC- 8. 
Both  were  four-engined  subsonic  transports  of  approximately  the 
same  empty  weight. 

Tabic  13  presents  data  for  the  DC-8.  Note  that  the  total 
program  consisted  of  556  aircraft  delivered  over  toe  14-year 
period  .1959-72.  Sales  prices  are  shown  in  both  current 
dollars  and  in  1970  dollars.  Total  empty  weight  delivered  was 
75,310,000  pounds  (the  total  useful  load -carrying  capacity  of 
the  airplanes  was  9f>,  "42,000  pounds),  and  total  receipts  from 
flyaway  sales  prices  to  the  airlines  were  $4.e  billion  in  1970 
dollars-- for  a  price  per  pound  to  the  airlines  of  $61.08  on  an 
empty- weight  basis  (and  $58. 79  per  pound  on  a  basis  of  useful 
load -carry ing  capacity). 


‘Useful  load -carry ing  capacity  is  calculated  as  the  difference 
between  aircraft  maximum  takeoff  weight  and  aircralt  empty 
weight.  As  such,  it  includes  the  payload,  fuel,  crew,  and 
any  specialized  payload -har.  ling  equipment  that  is  peculiar 
to  the  payload  and  not  the  aircraft.  Because  payload  and 
range  are  sc  interrelated,  it  is  no*  practical  to  specify 
paylosd  by  itself. 


82 


cvi  ovj  cr»  o 

rr.  Cv  rvj 


•—  u*:  <“*'»  o»^  o  •  \<? 

vr  o  cu  <*»  —  evil  r. 

*  vT» 


gA-iwSi 


•  -1 


I  o  >t  »C  V* 

j  «c  *->  x:  v*  t? 

|  t-  CL  D  3  C 

!  Si  o  r» 

i  >w  aic  o 

«tf  36  *-*  CL 


£■>.  r>.  p*^»  r- 

t\J  (\J  M  M  tM 


CM  iSt  C>  to  v£>  *C 

n  **  ^ 


nciude  five  DC-6  models;  subsequent  years  include  eight  mode 
sun  takeoff  me’ght  minus  empty  weight. 


Table  14  presents  C-141A  program  cost  data.  The  current- 
year  dollar  figures  have  been  converted  to  1970  dollars  by  the 
cost  index  of  Table  J-l  (see  Appendix  J) .  Note  that  total 
RDT5E  cost  was  approximately  $203  million.  A  total  of  284  air¬ 
planes  was  built;  the  unit,  flyaway  costs  for  each  year's  buy 
are  shown  in  Table  14.  Flyaway  costs  were  converged  to  a 
cumulative  average  basis  and  plotted  in  Figure  18.  A  trend 
line  was  fitted  through  the  points.  To  normalize  the  C-141A 
program  prices  with  the  DC-8  program  for  number  of  aircraft 
built,  it  is  estimated  from  Figure  18  that  the  C-141A  cumula¬ 
tive  average  cost  would  have  been  $6.8  million  if  production 
had  been  continued  to  a  total  of  556  aircraft. 

Table  14.  C-141A  FROGRAM  COSTS 


Ye«r 

RDT&E 
{million 
1970  $) 

Ouarti ty 

Unit 

F 1 yaway 
Cost 

(million 
1970  S) 

1951 

t 

0.13) 

5 

17.70 

|  1962 

S  8 . 2  7  i 

1363 

83.95 

16 

12.36 

1964 

12.41 

45 

7.46 

1965 

12.25 

84 

!  9.46 

1966 

5 .03 

100 

I  5.85 

1967 

34 

;  6.33 

1968 

1  .21 

i  __ 

f 

Total 

203.25 

284  j 

In  Table  14,  it  was  assumed  that  the  1961  and  1962  RDTSE 
funds  were  used  to  produce  the  five  aircraft  raid  tor  with 
RDT5E  funding.  Hence,  the  RPTf.K  funding  not  reflected  in 
aircraft  flyaway  costs  was  the  total  RDT5E  funding  for  1965 

o  * 

b* 


through  1968,  or  $114.85  million.  C-141A  total  cost  in  millions 
of  1970  dollars  for  a  program  *»£  556  aircraft  would  have  been 
as  follows: 


RDT8H  $  ns 

Aircraft  Flyaway  (556  x  6.8)  3 ,781 

$3,896 

To  account  for  government -provided  capital,  the  price  paid  to 
Lockheed  should  be  increased  by  4.6  percent -- for  a  resulting 
$4,075  million. 

The  empty  weight  of  the  C-141A  was  134,203  pounds  with 
a  useful  load-carrying  capacity  of  188,890  pounds.  Hence,  totcl 
empty  weight  for  556  aircraft  would  have  been  74,616,868  pounds, 
and  the  average  price  per  pound  of  empty  weight  would  have  been 
$54.61.  Likewise,  the  total  useful  load-carrying  capacity  for 
556  C-141s  would  have  been  105,026,000  pounds  and  the  average  price 
per  pound  of  useful  load-carrying  capacity  would  have  been  $38.79. 

The  ratio  of  price  per  pound  for  the  C-141A  versus  the  DC-8 
was  $ 54 . 61/S61 . 08  =  0.89.  Similarly,  the  ratio  of  price  per  pound 
of  useful  load-carrying  capacity  for  the  C-141A  versus  the  DC-8 
was  $38 . 79/$47 . 53  =  0.82.  The  higher  price  per  pound  for  the 
DC-8  was  probably  due  to  the  fact  that  there  were  eight  models 
and  many  airline  customers.  The  stretched  DC-8-60  series,  in 
particular,  was  quite  different  from  the  earlier  DC-8  models. 

On  the  other  hand,  only  one  model  of  the  C-141  was  built;  and 
all  i^ere  delivered  to  a  single  customer,  the  U.S.  Air  Force. 
Nevertheless,  the  analysis  above  indicates  that  in  the  C-141A 
program  the  Air  Force  obtained  airplanes  at  a  price  competitive 
with  prices  of  comparable  aircraft  in  the  commercial  world. 

b .  Other  Aircraft  Comparisons 

Table  15  presents  the  results  for  all  the  aircraft-pair 
comparisons.  The  method  for  making  the  pair  comparisons 
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Table  15,  MILITARY-COMMERCIAL  AIRCRAFT  PRICE  COMPARISON 
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(The 


was  similar  to  the  comparison  of  the  C-14J.A  and  the  DC- 8. 
detailed  analyses  may  he  found  in  Appendix  J.) 

Table  15  shows  the  comparisons  made  on  bases  of  both 
dollars  per  pound  of  empty  weight  and  dollars  per  pound  of 
useful  load-carrying  capacity  between  the  other1  pairs  of 
commercial  and  military  aircraft  normalized  using  progress 
curves  to  the  number  of  commercial  aircraft  actually  built. 

In  the  case  of  the  747,  which  is  still  being  built,  we  extrapo¬ 
lated  to  a  quantity  of  556,  which  was  the  number  of  DC- 8s  built. 
The  pairs  are  all  of  essentially  the  same  technology,  and  they 
are  grouped  by  engine  type.  Normalized  price  ratios  on  a  basis 
of  dollars  per  pound  (both  empty  weight  and  useful  load-carrying 
capacity)  were  developed.  The  ratios  are  the  military  price 
divided  by  the  commercial  price.  If  the  ratio  is  more  than  X.CO, 
then  the  military  airplane  on  a  per-pound  basis  cost  move  than 
the  commercial  piane;  if  it  was  less  than  1.90,  then  the  com* 
mercial  price  was  higher. 

The  C - 1 1 9  was  individually  compared  with  the  Cc'.vair 
series ,  Constellation  series,  DC- 6,  and  DC-7;  and  the  four 
derived  price  ratios  were  arithmetically  averaged.  This  average 
indicated  that  the  C-119  cost  10  percent  less  than  these  civilian 
aircraft.  Similar  comparisons  were  made  for  the  C-123  and  C-124. 
In  the  case  of  the  Plectra,  where  Lockheed  lost  $127  million, 
this  amount  was  added  to  the  Lockheed  cost. 

As  can  be  seen  from  fable  15,  the  average  of  the  eight 
pair  comparisons  is  0.99  on  an  empty-weight  basis  and  0.85  or. 
a  basis  of  useful  load-carrying  capacity.  One  reason  that 
commercial  aircraft  seem  to  carry  loss  useful  load  for  a  given 
empty  weight  than  military  aircraft  do  involves  the  financial 
exposure  of  the  manufacturer  to  claims  arising  from  commercial 


iThe  method  for  making  t be  ether  pair  compart  sens  was  similar 
to  that  for  making  the  comparison  between  the  C-141  and  ihe 
DC- 8  (the  detailed  analyses  may  be  found  in  Appendix  .?) . 
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aircraft  operations.  The  commercial  aircraft  fly  many  more  hours 
over  their  lives,  and  the  manufacturers  are  required  to  give 
warranties  to  the  airlines.  For  example,  Boeing  warrants  the 
747  for  10  years  or  30,000  flight-hours.  In  order  to  assure  the 
necessarily  greater  fatigue  life  for  a  commercial  transport, 
as  well  as  to  provide  protection  against  commercial  warranty 
claims,  most  manufacturers  design  more  strength  into  their 
commercial  aircraft;  hence,  for  equal  empty  weight,  the  aircraft 
carry  less  useful  load  (or  for  equal  gross  weight,  the  empty 
weight  of  the  commercial  aircraft  may  be  creator).  Admittedly, 
the  method  we  used  to  make  the  comparisons  was  quite  rough;  but 
if  military  costs  were  much  greater  than  civilian  costs,  even  a 
rough  measuring  technique  would  detect  them.  The  results  cer¬ 
tainly  indicated  that  if  differences  do  exist  they  are  not  large. 
However,  this  is  rot  to  say  that  the  military  can  be  satisfied 
with  the  costs.  There  are  a  number  of  factors  (such  as  number 
of  customei s ,  which  results  in  numerous  different  configurations 
and  model  changes;  better  commercial  warranties;  etc.)  that 
would  tend  to  inflate  t«e  civilian  costs  that  the  military 
does  not  have  to  contend  with. 

The  B- 5 2 /Boeing  70?  comparison  (shown  in  Table  15  but  not 
included  in  the  averages)  was  undertaken  after  it  appeared  that 
there  was  no  difference  in  normalised  price  between  military 
cargo  and  commercial  transports.  The  Boeing  B-S2  was  the 
obvious  choice  of  a  combat  aircraft  ‘or  the  comparison  because 
of  its  data  availability  and  its  comparability  (with  the 
Boeing  ?0?)  of  cruising  speed,  cruising  altitude,  period  of 
production,  and  number  produced.  A  normalised  price  per  pound 
of  $65.08  was  calculated  for  the  first  ?04  of  a  total  of  ?42 
B  >2s  ultimately  produced.  This  compares  to  a  normalised 
price  per  pound  of  $62.26  for  the  first  ?04  Boeing  ?o?s  pro' 
dueed,  which  results  in  a  military  pr iee/consmercia)  price 
ratio  of  1.05.  The  closeness  of  the  ?0?  and  B-52  prices  is 
even  more  striking  in  light  of  the  fact  that  the  B-52  has  k.ich 
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more  avionics  equipment  than  the  707.  The  B-S2  avionics  equip¬ 
ment  not  found  on  the  707  includes  more  communication  equipment* 
bomb  navigation  equipment,  and  ECM  equipment --all  o  which  are 
included  in  the  B-52  flyaway  price  and  have  high  price-to-weight 
ratios.  Further,  the  B-52  (unlike  some  of  the  other  military 
aircraft)  went  through  extensive  model  changes,  in  addition  to 
having  the  production  plant  shifted  from  Seattle  to  Wichita 
during  the  production  run. 

2 .  Aggregated  Comparisons 

a .  Aircraft  Erapty-|,eiqht  Basis 

A  statistical  comparison  of  commercial  and  military  air¬ 
craft  prices  was  made,  using  a  broader  spectrum  of  aircraft 
than  was  used  in  the  specific  aircraft -pair  comparisons.  Fig¬ 
ure  19  presents  a  plot  of  the  average  price  (adjusted  to  1970 
dollars)  versus  the  average  empty  weight  of  the  aircraft  for 
the  30  aircraft  used  in  the  comparison.  All  the  average  prices 
of  the  aircraft  shown  in  Figure  19  are  based  on  the  actual  num¬ 
ber  of  military  aircraft  built;  they  include  the  RDTSE  cost  and 
have  escalated  4.6  percent  to  adjust  for  government- furnished 
capital.  The  average  price  shown  for  the  hlectra  and  Convair 
880-990  aircraft  include  tho  losses  reported  for  these  aircraft 
by  Lockheed  and  General  Dynamics,  respectively. 

A  regression  equation  (12a),  which  explained  94  percent 
of  the  variance  in  the  average  price,  was  fitted  to  the  data 
and  is  represented  by  the  solid  lines  in  Figure  19: 

C  *  0.060  x  0.442**  x  W*’0384  ,  (12a) 

where 

C  *  cumulative  average  cost  (in  millions  of  1970 
dollars) ; 

P  *  a  dummy  variable  (if  the  aircraft  is  piston,  P  *  i; 
otherwise,  P  *  0);  and 
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W  a  aircraft  empty  weight  (in  thousands  of  pounds). 

Ail  coefficients  of  the  equation  are  significant  at  the  .01 
level.  While  there  was  a  significant  difference  in  prices 
between  piston  and  jet  aircraft,  no  significant  differences 
could  be  found  between  military  and  commercial  aircraft  prices. 
This  is  visually  displayed  in  figure  19,  where  it  can  be  seen 
that  there  is  a  strong  correlation  between  empty  weight  and  price 
for  both  military  and  commercial  aircraft. 


it  is  interesting  to  note  that  the  three  aircraft  that 
fall  farthest  from  the  regression  line  (the  C-5A,  C-133,  and 
KC/013S;  the  first  two  on  the  high  side  and  the  last  on  the 
low  side)  lie  at  the  two  extremes  for  production  quantities. 

Only  31  C-5As  and  50  C-133s  were  built,  while  777  KC/C-135s 
were  built.  These  empirical  data  are  consistent  with  the 
military  pricing  practice  shown  in  Figure  10,  which  indicates 
that  military  prices  drop  as  the  cumulative  quantity  of  aircraft 
increases.  A  second  regression.  Equation  (12b),  was  derived 
that  used  as  explanatory  variables  both  the  average  weight 
and  Che  quantity  of  military  aircraft  built.  This  second 
regression  equation  (12b),  which  explained  95  percent  of  the 
averag«?  price  variation,  indicated  that  there  were  significant 
differences  between  military  and  commercial  price  and  that  the 
quantity  of  military  aircraft  produced  was  significant: 


o.oe; 


X  5.S4M  x  0.454p  x  tfl*03S  x  N*0,2Z16M 


(12b) 


where 

M  «  a  dummy  variable  (ii  i,  >  aircraft  is  military,  M  «  1; 
otherwise,  M  B  0) ;  and 

N  *  the  cumulative  number  of  aircraft  produced. 

All  coefficients  are  significant  at  the  .0i  level. 

The  solution  of  the  second  regression  equation  (12bj 
indicated  that  military  and  commercial  prices  could  be  expected 
to  be  equal  when  230  military  aircraft  were  produced.  If  less 
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than  230  military  aircraft  were  produced,  commercial  prices 
v;ould  be  expected  to  be  less  than  military  prices;  and  if  more 
than  230  military  aircraft  were  produced,  commercial  prices  would 
be  expected  to  be  more.  For  example,  Equation  (12b)  predicts 
that  the  ratio  of  average  military  price  to  average  commercial 
price  for  a  given  weight  and  type  of  aircraft  would  be  1.10  when 
150  military  planes  had  been  built  and  0.90  when  380  military 
planes  had  been  produced. 

b.  Aircraft  Useful -Load-Carry ing-Capaclty  Basis 

The  analysis  was  extended  by  comparing  military  and  com¬ 
mercial  aircraft  prices  on  a  basis  of  useful  load-carrying 
capacity  rather  than  empty  weight.  Figure  20  presents  the 
average  aircraft  prices  plotted  against  the  average  useful 
load-carrying  capacity  of  the  aircraft. 

A  regression  equation  (13),  which  explained  93  percent  of 
the  variance  in  the  average  price,  was  fitted  to  the  data  and 
is  represented  by  the  lines  in  Figure  20: 

C  *  0.113  x  0,55lP  x  0 . 74?M  x  UW0*903  ,  (13) 

where 

C  *  cumulative  average  cost  (in  millions  of  1970 
dollars) ; 

p  «  a  dummy  variable  (if  the  aircraft  is  piston,  P  a  1; 
otherwise,  F  *  0); 

m  a  dummy  variable  (if  the  aircraft  is  military, 

M  »  !;  otherwise,  *  t,;  and 

UW  «  the  useful  load-carrying  capacity  of  the  aircraft 
(in  ihousands  of  pounds). 

AU  coefficients  of  the  equation  are  significant  at  the  .025 
level.  As  can  be  seen  from  the  regression  equation,  a 
"significant”  difference  was  found  between  the  prices  oi 
military  and  commercial  aircraft  when  compared  on  a  basis  of 
useful  load-carrying  capacity.  The  regression  equation  states 
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that  the  most  likely  relationship  between  military  and  com¬ 
mercial  prices  is  that,  on  average,  military  prices  will  be 
20  percent  lower  than  commercial  prices.  For  a  95-percent 
confidence  band,  the  true  amount  that  military  prices  are 
lower  than  commercial  prices  could  range  between  8  and  40  per¬ 
cent  . 


In  addition  to  the  regression  equation  (13)  depicted  in 
Figure  20,  another  regression  equation  was  derived  that  had  as 
an  explanatory  variable  (additional  to  the  explanatory  variables 
incorpr rated  in  Equation  13)  the  number  of  military  aircraft 
produced.  This  regression  equation,  which  explained  95  per¬ 
cent  of  the  variance  in  the  average  aircraft  price  variable 
and  had  all  coefficients  significant  at  the  .01  level,  is 
given  by 


C  *  0.113  x  0, 591P  x  3.287M  x  UW0*897  x  jf°*258M 


where  N  •  the  cumulative  number  of  aircraft  produced,  and 
other  variables  are  as  defined  for  Equation  (13). 

The  solution  of  the  regression  equation  (14)  indicated 
that  military  and  commercial  prices  could  be  expected  to  be 
aqual  whe.t  100  military  aircraft  were  produced.  On  a  basis 
of  useful  load-carrying  capacity,  if  less  than  100  military 
aircraft  were  produced,  commercial  prices  would  be  expected 
to  be  less  than  military  prices;  if  more  than  100  military 
aircraft  were  produced,  commercial  prices  would  be  expected 

to  be  more. 


3.  Summary 

This  analysis  does  not  support  the  hypothesis  that 
military*  aircraft  prices  arc  higher  than  simlsr  coaaercial 
aircraft  prices.  This  is  not  to  say  the  military  should  be 
satisfied  with  its  aircraft  prices.  There  are  some  factors 
that  would  tend  to  increase  commercial  costs  relative  to 
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military  costs.  Among  them  are  the  greater  number  of  customers 
for  commercial  aircraft,  resulting  in  more  configuration  changes, 
more  stringent  commercial  warranties,  greater  coramerc-4l  risk, 
etc.  Accordingly,  it  is  possible  that  military  aircraft  should 
cost  somewhat  less  than  similar  commercial  aircraft. 


C.  COMPARISON  OF  MILITARY  AND  COMMERCIAL  SHIPS 


Navy  combatant  ships  have  many  features  and  much  equipment 
not  found  in  commercial  ships,  and  any  valid  comparison  of  con¬ 
struction  costs  of  Navy  and  commercial  ships  would  be  most 
difficult.  Case  studies  for  both  the  tankers  and  the  roll-on/ 
roll-off  (RO/RO)  ships  are  presented  below.  They  were  compared 
on  a  basis  of  unit  price  versus  useful  load-carrying  capacity.1 


Figure  21  presents  a  plot  of  contract  price  versus  dead¬ 
weight  tons  (DWT)  for  nine  different  types  of  commercial  and 
Military  Sealift  Command  (MSC)  tankers  in  the  site  category  of 
25,000-120,000  DWT  currently  under  construction  in  U.S.  ship¬ 
yards.  As  can  be  seen  from  the  plot,  the  price  cf  the  military 
tanker  lies  wrthin  the  normal  commercial  price  trend  for  tankers 
from  25,000  to  120,000  DWT . 

We  performed  a  similar  analysis  for  U.S  “built  commercial 
and  military  RO/RO  ships  by  plotting  prices  versus  weight, 
figure  22  indicates  that  prices  of  military  RO/RO  ships  lie 
within  the  normal  range  c*  commercial  RO/RO  *hip  prices. 


tankers,  the  raaasure  of  useful  load  carrying  capacity  used 
was  deadweight  tons  ft»T) ,  defined  fts  the  total  > 

liquid  and/or  dry  cargo,  equipment,  u»*U.  crew  equipment  anu 
provisions,  and  potaUe  water.  Por  ROfkO  ships,  tht  «ea«ure 
of  useful  load-carrying  capacity  u^d  was  gross  tons  C«P|ro* 
nateiv,  the  total  internal  capacity  in  cubic  feet  divided 
100).  which  indicate  the  revenue -earning  capacity  .  *5®  *h  P 

Two  similar  but  different  measures  of  u*ef“K'2a?Kn  IvaillbU 
capacity  were  used  because  ot  the  tom  in  w  the  *>*“*»*• 
data  were  found.  (Source  of  the  deCir.Uior  d.S.  Maritime 
Administration,  i$*i  C fee res tar? ft'+re 
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Figure  21.  U.S, -BUILT  TANKER  PRICES 

0.  COMPARISON  OF  MILITARY  AND  COMMERCIAL  WHEELED  VEHICLES 

In  making  a  comparison  of  military  and  commercial  wheeled 
vehieltss,  we  are  again  forceu  to  eliminate  all  the  combat 
vehicles*  since  there  are  no  civilian  counterparts.  Therefore, 
we  compared  a  broad  range  of  general -purpose  military  and 
commercial  trucks.  All  the  military  vehicles  were  vehicles 
built  to  military  specifications  and  not  merely  commercial 
of f - the- ^hel f  vehicles  with  paint  of  enother  color.  Figure  25 
shows  a  plot  of  the  cost  versus  the  curb  weight  of  the  vehicle. 
Curb  weight  is  defined  as  the  weight  of  the  vehicle  including 
fuel,  lubricants,  coolant,  and  on-vehicle  material  but  excluding 
payload  and  operating  personnel.  A  regression  analysis  was  run 
on  the  data  to  see  whether  significant  di  ferencos  could  be 
detected  between  the  military  and  conaercial  vehicles.  The 
lines  in  Figure  23  present  the  solution  of  Equation  (13), 
which  was  derived  by  the  regression  analysis. 
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Equation  US)  is  the  result  oi  the  regression  analysis 
C  *  0.1S4  x  0.766^  x  ,  (IS 


C  *  the  vehicle  cost  (in  dollars] ; 


sgnvst.o hi  isuvnoa  tm)  a  sum 
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figure  23,  NIL  XTARY  AND  COMMERCIAL  WHEELED  VEHICLES. 
PRICES  VERSUS  WEIGrii 


H  *  «  dussmjr  variable  (it  is  \  far  oiHiary  vehicles, 
0  for  civilian  yeliieics*;  sci* 

If  *  the  weight  of  the  vehicle  v*a  pounds). 

All  coefficients  are  significant  at  the  .31  level. 
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Note  that  a  significant  difference  was  found  between 
military  and  commercial  vehicles.  On  average  for  a  given 
weight  vehicle,  the  military  prices  were  24  percent  lower  than 
the  commercial  prices.  These  data  are  consistent  with  data 
obtained  in  a  1970  U.S.  Army  study  [30]  that  is  presented  in 
Table  16.  Of  special  interest  is  the  fact  that  tracked  vehicles 
were  included  in  the  Army  cost  comparison  and  that,  on  a  per* 
pound  basis,  the  standard  military  average  list  prices  are 
23  percent  lower  than  prices  paid  for  standard  commercial  vehicles. 
Note  that  Table  16  shows  that  the  price  of  air  mobile  equipment  is 
significantly  more  expensive  than  both  commercial  equipment  and 
standard  military  equipment.  This  result  is  not  too  surprising, 
since  extra  expenses  are  included  in  making  air  mobile  vehicles 
lighter  than  standard  vehicles.  These  extra  costs,  together 
with  the  lighter  weight,  not  surprisingly  result  in  significantly 
higher  dollars -per -pound  figures  for  air  mobile  vehicles. 

Again,  there  are  some  reasons  why  the  commercial  prices 
seem  higher.  The  commercial  prices  are  the  manufacturer's 
suggested  prices,  while  the  military  prices  are  those  actually 
paid  by  the  military.  There  are  undoubtedly  discounts1  that 
would  tend  to  reduce  or  eliminate  the  23-24  percent  price 
difference  found.  However,  it  would  certainly  appear  that 
standard  military  vehicles  on  a  per-pound  basis  are  not  sig- 
nificantly  moiv  expensive  than  commercial  vehicles. 

As  was  mentioned  earlier,  the  analysis  excludes  the  ques¬ 
tion:  For  a  given  performance  or  payload,  do  the  military  and 

lThe  Mb.nel*  study  1 31 J  - -Of  £  ice,  Chief  of  Staff,  U.S.  Army, 

3p#aia l  Anatysie  of  Wheeled  ?wfc£e3e*  (Vbe#tQ)t  Phaoa  IT  t>rport~~ 
estimated  that  the  Army  when  buying  commercial  trucks  would 
receive  a  2S-percent  discount  from  the  manufacturer’s  list 
price  (Annex  E  to  Part  8  of  Vol.  XI,  August  Telephone 

conversation  with  a  representative  of  Ford  Motcr  Company  (32] 
indicated  that  Ford  sells  trucks  to  the  Federal  Government 
at  a  price  that  is  $200-l".00  per  truck  less  thi  t  Ford  ch.rges 
its  dealers.  Hauler  markup  is  approximately  20  percent. 
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COMPARISON  OF  STANDARD  MILITARY,  AIR  MOBILE,  AND 
COMMERCIAL  VEHICLE  PRICES  ON  A  WEIGHT  BASIS  * 
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ity  Equipment  Command  Study  entitled  Pilot.  Improved 
(Avril  29^-n},  FAMECE  (Family  of  Military  Engineer 


commercial  trucks  weigh  and  cost  the  same?  The  Wheels  study  [31], 
which  attempted  to  identify  commercial  trucks  that  could  be  used 
as  military  equivalents,  sheds  some  light  on  the  question.  Rec¬ 
ognizing  that  military  vehicles  are  designed  for  -a  degree  of 
mobility  that  would  be  experienced  only  in  a  front- line  combat 
situation  (a  situation  that  many  vehicles  will  neyer  experience 
while  doing  their  assigned  missions) ,  the  Wheels  study  set  out 
to  identify  commercial  trucks  that  could  be  used  as  substitutes 
for  military  trucks  that  would  never  be  expected  to  be  in  front¬ 
line  combat  situations.  Paragraph  V.3.b.l  of  Annex  D  to  Part  B 
of  Volume  II  of  the  Phase  II  Report  (which  discusses  the  rationale 
for  selection  of  the  candidate  commercial  trucks)  is  of  particular 
relevance: 

Commercial  vehicles  selected  for  substitution  into 
*he  military  vehicle  fleet  were  configured  to  the 
same  GVW  as  their  military  counterparts,  Inasmuch 
as  the  curb  weight  (CW)  of  the  commercial  vehicle 
is,  ii  most  cases,  less  than  the  military  version, 
a  greater  payload  capacity  can  be  credited  to  the 
commercial.  However,  the  cargo  volume  is  essen¬ 
tially  the  same  for  both  avid  this  is  considered  the 
limiting  factor.  The  result  is  that  the  Study  Group 
selected  a  rugged  truck  for  the  commercial  candidate 
instead  o„  the  lightest  possible  version..., 

Further,  the  Wheels  study  identified  sis  payload  classes 
in  which  commercial  trucks  might  substitute  for  military  trucks 
cn  some  missions.  Table  1?  (excerpted,  with  the  exception  of 
the  last  column,  from  the  wheels  study)  presents  the  price 
data  for  general-purpose  trucks  for  which  commercial  substitutes 
were  identified.  There  are  several  factors  to  be  considered  in 
studying  Table  \ 1 .  Fit. the  prices  presented  for  the  com¬ 
mercial  vehicles  were  discounted  (by  the  Wheels  study)  IS  per¬ 
cent  from  the  manufacturer  * s  list  prices  to  account  tor  the 
discount  That  *he  military  might  expect.  Second,  military 
vehicles  have  a  greater  mobility  capability  (in  terms  of  the 
terrain  they  can  traverse)  than  the  similar  commercial  trucks. 
Third,  many  of  the  commercial  trucks  may  have  a  greater 
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Table  17.  PRICES  OF  SELECTED  GENERAL-PURPOSE  MILITARY 
AND  CANDIDATE  COMMERCIAL-SUBSTITUTE  TRUCKS 


Payload 
Class 
(tons ) 

Vehicle  Designation 

Unit 

Hardware 

.-rice 
{1972  *) 

Curb 

Weight* 

(pounds) 

Average 
Mill tary 
Price/ 
Average 
Commercial 
Price 

1/4 

M151A2,  4x4b 

3,207 

2 , 70C 

M151A2,  4x2 

2,608 

2,700 

M151A2,  4x4  (derated) 

2,530 

2,700 

1 .  TO 

Commercial,  4x2 

2,326 

3,540 

X 

Commercial,  4x4 

2,726 

3,540 

1  -1/4 

M71S,  4x4b 

4,788 

5,900 

M715,  4x> 

4,184 

5,900 

Commercial,  4x2 

2,866 

4,500 

1.46 

Commercial,  4x4 

3,266 

4,500 

:i 

2-1/2 

M35A2C,  6*$b 

10,857 

13,800 

i 

M35A2C,  6x4 

9,773 

13,800 

j 

Commercial,  4x2 

5,817 

9,520 

1.46  > 

i 

Commercial,  4x4 

8,318 

9,520 

5 

N813AI,  6x6d 

15,379 

21,840 

N613A1,  6x4 

13,662 

21 .840 

1.18 

Commercial,  6x4 

12,278 

7, £15 

5C 

MS 13,  6x6b 

14,984 

34,930 

K019,  6x4 

13,287 

34, >30 

Commerci al ,  6x4 

14,900 

17,830 

0.89 

Commercial,  6x4 

17,000 

17,830 

22-l/2d 

XM746,  8*8** 

39 , 339 

73,669 

Commercial ,  .8x4 

55,000 

60.738 

1.55 

Commercial,  8x8 

60,000 

60.738 

|  Average 

1.27 

Estimated  by  subtracting  the  payload  from  the  gross  vehicle 
weight,  since  only  the  Utter  was  presented  in  the  source. 

^Standard  ail  star;’  vehicle. 

cfr4ctor  with  12-ton  4-wheel  trailer. 

^Tractor  «i th  52'1/2-ton  trailer. 

Source:  OffUe,  Chief  of  Staff,  U.S.Aray,  Special  Awalg sU  of 
ithcelod  Vehialta  fVhstltJ,  Phase  J!  tiepo? t,  Volume  II 
(August  *972/ ,  Part  8,  Anne*  E,  Enclosures  13-18. 


load-carrying  capacity  than  Table  17  indicates,  since  the 
requirement  for  the  commercial  vehicles  to  be  considered  a 
military  substitute  was  that  they  carry  at  least  as  much  as  the 
similar  military  vehicle.  Finally,  the  commercial  vehicles 
cannot  be  considered  a  random  sample.  Since  the  object  of  the 
Wheels  study  was  to  identify  low-cost  alternatives,  no  commer¬ 
cial  vehicle  would  be  considered  whose  cost  exceeded  that  of 
the  military  vehicle  for  which  it.  was  p.oing  to  substitute.  For 
that  reason,  the  standard  military  truck  is  most  expensive  in 
every  payload  class  except  the  5-ton  tractor.  The  military 
5-ton  tractor  was  considered  under -powered;  and,  hence,  the 
commercial  tractor  selected  has  significantly  more  payload 
capacity  than  the  military  tractor. 

Because  the  commercial  trucks  shown  in  Table  17  were 
selected  bv  the  Wheels  study  in  such  a  way  that  the  commercial 
trucks  would  almost  always  cost  less  than  the  military  trucks, 
the  Wheels  data  cannot  be  used  to  test  the  hypothesis  that 
military  trucks,  on  average,  cost  more  than  similar  commercial 
trucks  of  the  same  payload  class.  All  that  the  data  from  the 
Wheels  study  demonstrate  is  that  there  are  some  specific  com¬ 
mercial  trucks  that  are  cheaper  than  specific  military  trucks 
of  the  same  payload  class- -and  further,  that  when  commercial 
substitute  trucks  are  selected  with  the  criterion  that  they 
must  be  cheaper  th3n  the  military  trucks  tuev  will  substitute 
for,  then  they  are,  on  average,  27  percent  cheaper  than  the 
military  trucks. 

The  quotation  from  the  Pfca&e  tt  Report  and  the  subsequent 
discussion  (above)  would  indicate  that,  for  a  given  payload, 
military  vehicles  arc  heavier  than  commercial  vehicles  and, 
therefore,  (while  costing  the  same  or  less  on  a  per-pound 
basis)  may  cost  more  on  a  payload  basis.  However,  it  should 
be  pointed  out  that  the  weight  of  the  vehicle  is  correlated 
with  the  ruggedness  of  the  vehicle.  Thus,  the  potentially 


104 


‘"-  ;.  ay  ’j  y--'*n;«  vv-.y wy?  * 


higher  military  vehicle  prices  are  probably  due  more  to  per¬ 
formance  requirements  than  to  other  procurement  practices. 

E.  COMPARISON  OF  MILITARY  AND  COMMERCIAL  ELECTRONIC 

EQUIPMENT 

In  the  case  of  electronic  products,  where  the  packaging 
makes  up  a  significant  amount  of  the  weight  (but  is  relatively 
cheap,  compared  to  the  electronic  components),  it  is  believed 
that  weight  would  not  be  an  appropriate  parameter  on  which  to 
base  comparisons.  An  attempt  was  made  to  identify  performance- 
related  parameters  on  which  to  normalize  electronic  equipment 
prices. 

An  exaft^ole  of  the  problems  encountered  in  trying  to  make 
a  comparison  between  military  and  commercial  prices  ef  elec¬ 
tronic  equipment  is  illustrated  by  two  inertial  navigators: 
the  LTN-51,  used  in  a  number  of  commercial  aircraft;  and  the 
ASN-86,  designed  for  military  tactical  use.  Doth  items  are 
built  around  che  same  inertial  platform  (the  LN-15),  have  very 
similar  computers,  and  perform  with  about  the  same  rate  of 
error.  However,  the  more  costly  ASN-86  wgs  designed  to  meet 
more  difficult  environmental  conditions  and  to  have  a  complex 
interface  with  other  military  equipment.  For  example,  in  the 
military  version,  the  aircraft’s  position  could  be  automatically 
updated  from  the  TACAN  set.  These  additional  requirements 
impacted  throughout  the  entire  system  to  the  point  that  the 
Litton  engineers  stated  that  the  two  equipments  were  not  zt 
all  comparable  and  that  to  make  the  LTN-Si  meet  the  requirements 
set  for  the  ASN-86  would  mean  the  complete  redesign  of  the 
former  and  increase  its  cost  to  that  of  the  latter.  It  quickly 
became  apparent  that,  within  the  limited  resources  allocated  for 
this  portion  of  the  study,  meaningful  quantitative  comparisons 
between  military  and  commercial  electronic  equipment  could  not 
be  made. 
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APPENDIX  A 


TABLE  GF  REGRESSION  RESULTS  FOR  AIRFRAMES, 

SHOWING  THE  EFFECT  OF  EXPLANATORY  VARIABLES  ON  UNIT  COST 
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Appendix  A 


TABLE  OF  REGRESSION  RESULTS  FOR  AIRFRAMES, 

SHOWING  THE  EFFECT  OF  EXPLANATORY  VARIABLES  ON  UN17  COST 


This  appendix  includes  regression  results  that  have 
cumulative  output  and  additional  variables  that  ’’explain”  vari¬ 
ations  in  cost.  These  additional  variables  are  lot  size, 
flattening  effect,  production  rate,  and  model  changes.  The 
resultant  regression  statistics  are  listed  for  each  aircraft. 
The  regressions  were  based  on  data  contained  in  the  Cost  Infor¬ 
mation  Reports  (Aircraft  Learning  Curves )  of  the  Naval  Air 
Systems  Command  [7].  All  variaoles  except  model  ’'dummies”  were 
transformed  into  natural  logarithmic  form.  For  the  dependent 
variable,  we  used  each  lot’s  man-hours  per  pound  of  airfrpm*:. 


All  coefficients  that  had  absolute  r.-values  greater  than  1 
were  included  in  Table  A,  since  they  improved  the  coefficient 
of  determination  (R  ) ,  corrected  tor  degrees  of  freedom,  even 
though  they  might  not  tatistically  significant.  While  the 
exact  t-value  that  a  coefficient  would  ha/e  to  have  to  be  con¬ 
sidered  statistically  significant  at  the  .1  level  in  a  two- 
sided  test  depends  on  the  number  of  degrees  of  freedom  associ¬ 
ated  with  the  regression  equation,  a  good  rule  of  thumb  is  that 
any  coefficient  that  has  an  absolute  t-value  less  than  KB  is 
probably  not  statistically  significant. 

As  explained  in  Chapter  HI,  Section  0,  the  flattening 
effect  for  the  AD  and  the  A* 4  aircraft  was  obtained  by  dividing 
the  data  for  each  aircraft  into  two  parts  (one  representing  the 
steep  part --and  the  other,  the  flat  part --of  the  progress  curve}. 


The  model  change  variable  Di  is  a  ’’geometrically  lagged 
dua&y . -»  it  is  described  in  Subsection  1  of  Chapter  III,  Section  G. 
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As  can  be  seen  in  Table  A  (and  as  noted  in  Chapter  III, 
Section  G.l),  for  the  AD  and  A-4  aircraft,  the  dummy  variables 
associated  with  model  change  are  not  particularly  satisfactory 
when  they  are  utilized  in  the  flattened  segment  of  the  progress 
curve.  We  would  normally  expect  an  increase  in  price  with  the 
introduction  of  a  model  change,  with  the  result  that  the  coef¬ 
ficient  associated  with  the  model-change  variable  should  always 
be  positive.  However,  in  the  case  of  both  the  AD  and  the  A-4, 
we  find  a  negative  coefficient  associated  with  one  of  the  model 
changes*  The  reason  appears  to  be  that,  in  the  flat  range  of 
observed  data,  the  cumulative -quantity  and  model-change  effects 
are  so  collinear  that  the  estimated  coefficient  pertaining  to 
cumulative  quantity  is  also  picking  up  the  influence  of  model 
change,  thus  overstating  the  effect  of  cumulative  quantity  or 
cost.  Therefore,  for  the  segment  of  the  progress  curve  beyond 
the  flattening  points,  it  is  not  warranted  to  consider  the 
estimates  to  be  structural  estimates;  and,  consequently,  no 
particular  emphasis  may  be  placed  in  either  the  magnitude  or 
the  sign  of  the  respective  estimated  values. 
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FIGURES  SHOWING  RELATIONSHIP  BETWEEN 
FIRST-UNIT  COST  AND  PROGRESS-CURVE  SLOPE 
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Appendix  B 

FIGURES  SHOWING  RELATIONSHIP  BETWEEN 
FIRST-UNIT  COST  AND  PROGRESS-CURVE  SLOPE 

Regression  equations  were  run  to  determine  the  correlation 
between  first-unit  cost  and  slope.  Incorporated  in  this  analy¬ 
sis  of  78  aircraft  are  data  obtained  from  Aircraft  Learning 
Curves,  Naval  Air  Systems  Command  (dune  1969)  [7],  The  air¬ 
craft  are  listed  in  Appendix  C  and  include  attack  aircraft 
(Figure  B-l),  bombers  (Figure  B-2),  cargo  aircraft  (Figure  B-5) , 
helicopters  (Figure  B-4) ,  trainers  (Figure  B-5),  and  fighters 
(Figure  6  in  the  main  report) . 

Each  figure  in  this  appendix  presents  a  sat  of  plots  of 
progress-curve  slopes  (in  percent)  versus  first-unit  cost,  the 
fitted  regression  line,  and  the  regression- line  equation.  Tho 
results  of  that  equation  indicate  that  first-unit  cost  and  slope 
are  negatively  related  (i.e.,  the  higher  the  first-unit  cost  the 
steeper  the  progress-curve  slope- -a  smaller  percentage  slope  is 
steeper).  In  other  words,  those  programs  with  a  higher  initial 
cost  have  a  greater  percentage  reduction  in  cost  as  output 
increases. 


SI 


figure  B*  1  -  PROGRESS- CURVE  SLOPE  VERSUS  FIRST-UNIT  COST:  ATTACK  AIRCRAFT 


Figure  6-2.  PROGRESS-CURVE  SLOPE  VERSUS  FIRST-UNIT  COST:  BOMBERS 


PROGRESS-CURVE  SLOPE  VERSUS  FIRST 


Figure  8-4.  PROGRESS-CURVE  SLOPE  VERSUS  FIRST-UNIT  COST:  HELICOPTERS 
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APPENDIX  C 


TABLE  ILLUSTRATING  EXPLANATORY  POWER  OF 
PROGRESS  CURVES  OF  78  AIRCRAFT 
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Appendix  C 

TABLE  ILLUSTRATING  EXPLANATORY  POWER  OF 
PROGRESS  CURVES  OF  78  AIRCRAFT 

This  appendix  lists  the  78  aircraft  used  for  analyses  in 
Appendix  B  and  Figure  4  of  the  Executive  Summary  (or  Figure  6 
of  the  full  report).  The  "estimated  first-unit  costs'*  and 
progress -curve  slopes  were  obtained  from  Aircraft  Learning 
Curved  [7]«  This  source  derived  these  progress -curve  results 
by  fitting  regression  lines  through  actual  cost  (in  man-hours 
per  pound)  and  cumulative  output  data  for  each  system. 

Note  that  there  are  some  differences  between  the  progress  - 
curve  parameters  and  coefficients  of  determination  (for  a  few 
aircraft)  shown  in  TaM.es  A  and  C.  The  reason  for  the  differ¬ 
ence  is  that  tr*e  progress  curves  shown  in  Table  A  were  derived 
from  ail  the  cost-quantity  data  for  a  given  aircraft,  while 
the  progress  curves  shown  in  Tabl**  C  were  derived  (by  the 
authors  of  Aircraft  Learning  Curves  [7])  by  using  data  that 
had  eliminated  all  the  cost -quantity  data  associated  with 
major  model  changes. 

2 

The  very  high  R's  (coefficients  of  determination)  that 
resulted  from  this  procedure  indicate  the  high  explanatory 
power  of  the  progress  curves. 
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Table  C.  ILLUSTRATION  OF  EXPLANATORY  POWER  OF  PROGRESS  CURVES 


Plot- 

Point 

Number 

Aircraft 

Estimated 

FI  rst-Unlt 
Cost  (direct 
man-hours 
per  pound) 

Progress- 

Curve 

Slope 

R2 

(Coefficient 

of 

Determination) 

Attaok  Airoraft 

1 

AJ-2 ,  2P 

17.02 

81.2 

.87 

2 

A-7A 

17.67 

76.5 

.99 

3 

RA-3B ,  EA-38 ,  TA-3B 

19.05 

75.2 

.96 

4 

A-1G,  A-1F. ,  EA-1E 

20.81 

78.3 

.76 

5 

A-2A 

20.93 

73.9 

.98 

6 

A-5A 

24.61 

77.5 

.95 

7 

A-6A,  EA-6A,  EA-6B 

25.97 

80.6 

.99 

8 

A-3A/A-3B 

36.07 

72.8 

.93 

9 

A-4  SERIES 

47.67 

75.7 

.98 

Bombtra 

I 

8-4SA,  C/RB-45C 

11.85 

80.0 

.82 

2 

B-52G 

(2.06 

74.5 

.99 

A 

u 

5-S0A.8.5 

12.18 

78.4 

.92 

4 

B-470.E 

13.37 

78.0 

.97 

5 

B-36A,B,0.F,H , J/R8-36B 

15.44 

78.5 

.92 

6 

R8-66C/W8-660 

16.40 

71.3 

.98 

7 

B-57A»B,C»E/R8-57A 

17.44 

80.0 

.94 

8 

YB/YR8-SCA 

53.43 

71.0 

.97 

Cargo  Aircraft 

1 

£•‘1196. v  .F.Q/R4Q-1.2 

5.75 

82.8 

,95 

2 

RC-121 0/EC- 1?1 K/WC-121N 

6.07 

82.8 

.97 

3 

6.37 

82.1 

.76 

4 

C-1238 

7.89 

78.5 

.87 

S 

C-124A.C 

8.32 

82.2 

.88 

f. 

YC-122A.3.C 

11.32 

77.5 

-?S 

7 

£-1304,51 

14.64 

77.7 

.85 

0 

XC-13SA 

15.21 

74.8 

.95 

9 

R3Y-1.2 

18.60 

81,0 

.89 

10 

C-133A.S 

21.32 

70.1 

,98 

11 

C-82A 

21.71 

71.6 

.96 

12 

C-97A ,  C/KC-97I.F.S 

57.18 

82.2 

.86 

(continued  on  next  page) 


Table  C.  (continued) 
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Plot- 

Point 

Number 

Aircraft 

Estimated 
First-Unit 
Cost  (direct 
man-hours 
per  pound) 

Progress- 

Curve 

Slope 

R2 

(Coefficient 

of 

Determination) 

1 

Baliooptara 

OH-230 

6.62 

88.4 

.92 

2 

NH-41A 

8.75 

86.3 

.86 

3 

H-53  SERIES 

9.72 

81.8 

.95 

4 

YUH-1D,  UH-1D 

10.75 

91.7 

.86 

5 

H-1S  SERIES 

11.38 

89.3 

.78 

6 

H - 34  SERIES 

12.75 

88.6 

.91 

7 

CH-2'iB/C,  V -42/43/44 

14.26 

82.4 

.85 

8 

H-47  SERIES 

14.43 

80.3 

.93 

9 

UH-2A 

23.07 

79.6 

.94 

10 

H-46  SERIES 

23,86 

7S.4 

.78 

11 

CH-37A/CH-37C/HR2S-1W 

25.59 

77.8 

.98 

12 

SH-3A/VH-3A/S-61 

27.61 

79.5 

.94 

13 

H05S-1 

32.36 

75.1 

.90 

14 

UH-25B/H-25A 

35.18 

82.5 

.84 

15 

TH-43E 

40.44 

86.3 

.81 

16 

OH-430.  UK-43C ,  HH-43A 

70.24 

69.6 

.79 

!  i 

Trainava 

T-35A 

5.19 

88.5 

.98 

i 

T-?9A,B«C*« 

6.70 

90.2 

.31 

3 

T-28  »C 

9.53 

88.1 

.93 

a 

T-34A.8 

10,24 

81.2 

.89 

6 

T-28A 

12.30 

80.0 

.97 

6 

Yf-IOJA 

13.45 

82.9 

.90 

7 

T-1 A 

18.04 

74.4 

.98 

8 

T-2A 

23.18 

72.8 

.98 

9 

T-38A 

24.13 

75.9 

.97 

10 

T-37A,B 

29.46 

73.5 

.99 

11 

T-3IA.8 

*3.76 

65.8 

.99 

(concluded) 


Plot- 

Point 

Number 


Aircraft 

Estimated 
First-Unit- 
Cost  (direct 
man-ftours 
per  pound) 

Fightet-a 

F~89ASB,C,D,H 

12.31 

F-4U-5N 

13.59 

F~86r 

14.36 

F-100C.D 

18.18 

F-94C 

18.48 

F-101B 

20.51 

F-105D 

21.91 

F-104A.C 

22.38 

F-1F/AF-1E 

23.06 

F2H-1  .2.2N.2P 

27.66 

F-8A.C.D 

27.90 

F-80A  ,9 , C 

28.13 

F-1QA/B 

28.89 

FJ-2 

34.45 

F-3B/NF-3B,F-3C,F-3H-1 

35.08 

F-4  SERIES 

35.38 

FH-1 

35.68 

XF7U-1/F7U-1 ,3,3H,3P 

38.17 

F  - 1 06  A 

38.27 

F- 1 02 A 

39.09 

RF-84F 

40.12 

F-6A 

61.20 

22 
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APPENDIX  D 


TABLES  SUMMARIZING  EMPIRICAL  STUDIES  OF 
RELATIONSHIP  BETWEEN  PRODUCTION  RATE  AND  UNIT  COST 
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Appendix  0 

TABLES  SUMMARIZING  EMPIRICAL  STUDIES  OF 
RELATIONSHIP  BETWEEN  PRODUCTION  RATE  AND  UNIT  COST 

This  appendix  presents  a  list  of  empirical  studies  done 
on  cost  curves.  Extracted  from  a  survey  article  by  Walters 
[19]  in  Econometrica.  (1963),  the  tables  illustrate  results 
obtained  in  measuring  the  effect  of  production  rate  on  cost 
when  no  progress-curve  effects  are  explicitly  taken  into  account. 
The  tables  present  the  relationship  between  cost  and  production 
ijte  when  time  series,  cross  section,  engineering,  and  survey 
data  were  used.  These  tables  indicate  that  an  increase  in  the 
production  rate  may  either  reduce,  leave  unaffected,  or  increase 
unit  cost.  The  interpretation  of  these  results  in  terras  of  a 
U-shaped  cost  curve  is  given  by  Appendix  E. 


T<jjle  CM .  RESULTS  OF  STUDIES  OF  COST  CURVES,  GENERAL  INDUSTRY  STUDIES^ 


Rever¬ 

ence 

Author ( $ ) 
(Veer) 

I ndustry 

Typu 

oV 

Data 

T  i  ie 
Rerlad 

| 

Resul t 

U* 

litemin  and 
Guthrie  0952J 

Manyfactur tnp 

Q 

r  T 

Mirtjihit  cost  helou  ♦VY'-i'i* 
cost  t  ill  oytpyts  fcelew 
'eapee  tty." 

[35] 

HeH  jnd  Witch 
09*9} 

ManyV»cturir9 

0 

M*jort?y  Mae  earijiftal  cos' 
decrea*  f  n$ . 

[36] 

Letter  fI9A6} 

Mjftufecturing 

Q 

s 

?eCref%lB9  *<era<je  vtr'a&U 

cost  to  capacity. 

t  IT] 

?4lh  '  1  55.6) 

Menyfecturins 

, 

L 

S s 4 1 1  sca'O'tics  oY  state  of 
«u<l»stert  firms. 

os; 

Moore  {19S9} 

MjnyVecturir^ 

* 

4 

economies  of  scat#  sentreHy. 

CK' 

T. {194U 

{Various  in¬ 
dustries) 

CS 

L ....... 

L 

Smatt  »v  -edius'-s i te  plants 
usually  hav*  t curst  costs. 
5U<f  {??*';  t  *0 1  iJcjwt  dif¬ 
ferent  ConcthS *en? . 

*0  *  juesttonisatr*;  E  *  »h^t««*rif*§  dal*.  CS  *  truss  s*<t!*r;  L  *  ! or-a *nrf 
S  *  S *; j ft-ry*.  . . . . . . . 
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Table  0-2.  RESULTS  OF  STUDIES  OF  COST  CURVES,  INDUSTRY  STUDIES* 


Refer¬ 

ence 

Author};) 

(Year) 

— 

I ndustry 

r- — ~~ 
Type 
of 
Data 

l~— ’  ' 

Time 
Perl od 

Result 

[41] 

Johnston  (1960) 

Multiple 

product 

TS 

S 

"Direct"  cost  Is  linearly  re¬ 
lated  to  output.  Marginal 
cost  constant. 

[42] 

Dean  (1936) 

Furniture 

TS 

s 

Marginal  cost  constant. 
Short-run  average  cost 
"failed  to  rise." 

[43] 

Dean  (1941) 

Leather  belts 

TS 

s 

Significantly  Increasing  mar¬ 
ginal  cost.  Rejected  by 

Dear . 

[44] 

Dean  (1941) 

Hos 1 ery 

TS 

c 

Marginal  cost  constnat. 
Short-run  average  cost 
"failed  to  else." 

[45] 

Dean  (1942) 

Department 

store 

TS 

s 

Marginal  cost  declining  or 
constant. 

[46] 

Ezekiel  and 

Wylie  (1941) 

Steel 

TS 

s 

Marginal  cost  declining,  but 
large  standard  errors. 

[47] 

Yntswa  (1940) 

Steel 

TS 

s 

Marginal  cost  constant. 

[48] 

Ehrka  (1933) 

Cement 

TS 

s 

fhrke  interprets  as  constant 
marginal  cost.  Apel  (1948) 
[49]  argues  that  marqlnat 
cost  is  Increasing. 

[50] 

Nordln  (1947) 

Light  plant 

TS 

s 

Marginal  cost  increasing. 

[51] 

Aloert  (1959) 

Metal 

C 

L 

Economies  of  scale  to  89,090 
pounds  per  month;  then  con¬ 
stant  returns. 

[52] 

Dean  and  Janes 
0942) 

Shoe  stores 

c.s 

L 

Long-range  average  cost  Is  U- 
shaped  (Interpreted  as  rat 
due  to  diseconomies  of 
scale) . 

[5  3] 

Molten  (1M6) 

Ret  * i t  log 
(Puerto  Rico) 

5 

L 

Long-range  average  cost  t$  L- 
shaped.  But  Holton  argues 
that  Inputs  pv  management  may 
b*  undervalued  at  high  out¬ 
put!  . 

Y$  *  time  series;  E  *  engineering  dela;  C5  *  cross  section,  S  *  end 

l  *  long-run. 
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Table  0-3.  RESULTS  OF  STUDIES  OF  COST  CURVES,  PUBLIC  UTILITIES* 


Refer- 

Author{s ) 

Type 

of 

T 1  me 

ence 

(Year) 

1  ndus  try 

Data 

Period 

Result 

Sleotrioity 

[41] 

Johnston  (1960) 

U .  K  . 

T5 

s 

Short-run  average  cost  fall¬ 
ing,  then  flattening  with  a 
tendency  toward  constant  mar- 

[54] 

glr.al  cost  up  to  capacity. 

Lomax  (1952) 

U.K. 

■ 

CS 

L 

Long-range  average  cost  of 
production  declining  (no 
analysis  of  distribution,). 

[41] 

Johnston  (1960) 

U.K. 

CS 

L 

Long-range  average  cost  of 
production  declining  (no 
analysis  of  distribution). 

[55] 

McNulty  (1955) 

U.S.A. 

CS 

L 

Average  costs  of  administra¬ 
tion  constant. 

[56] 

Nerlove  (1961) 

U.S.A. 

CS 

l 

Long-range  average  cost  (ex¬ 
cluding  transmission  costs) 

‘ 

declining,  then  showing  signs 
of  increasing. 

Hai Ivaya 

I 

[57] 

Broster  (1938) 

U.K. 

TS 

S 

Operating  cost  per  unit  of 
output  falling. 

[58] 

Sorts  (1952) 

U.S.A. 

CS 

l 

Long-range  average  cost 
either  constant  or  falling. 

[  53] 

Boris  (1960) 

U.S.A. 

CS 

L 

Long-range  average  cost  in¬ 
creasing  in  East,  deereasinq 
in  South  and  West. 

[50] 

Mansfield  anti 

We f n  (1958) 

U.K. 

i 

L 

Marginal  cost  constant. 

Cfher 

[  41] 

Johnston  (1960) 

Road  passenger 

TS 

s  i 

j 

avtrag*  cost  4s- 

1 

i 

j 

transport 

(U.K.) 

i 

i 

creasing.  I 

[51]  i 

j 

i 

LO<nj*  (1951) 

Oas  (U.K.) 

i 

i 

CS 

! 

! 

i- 

i 

j 

Long- ring*  average  cost  of  j 

production  declining  (no 
analysis  o*  distribution). 

c«j  i 

0953} 

i 

ties  (U.K.) 

1 

CS 

t  i 

i 

! 

Long-range  average  cast  of 
production  declining  (no 
analysis  of  distribution) . 

[41]  | 

Johnston  (I960) 

Coal  (U.K.)  | 

j 

CS 

k  1 

l 

Wide  dispersion  of  costs  par 
ton . 

[41]  | 

John;  £1960) 

ftoae  passenger  j 
transport  j 

cs  ! 

i 

l  1 

f 

Long-range  average  tost 
either  falling  or  constant.  ‘ 

[ 

r 

(U.K.)  | 

i 

CS  | 

t 

[«1]  i 

Johnston  (lf&0)[ 

Uf*  Assurance  | 

F.  j. 

L  i  Long-range  average  cost  da*  ( 

..  „,  ...  .  j 

_  .  - - .  ,f^ _ r^.u.,1 

r 

5  lining.  r 

♦ 

TS  »  t**e  series;  CS  *  cress  section;  i  »  engiree-ing  data;  S  »  *f-ert-rw«;  and 
L  *  long-ryn. 
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SIMPLIFIED  THEORETICAL  DISCUSSION  OF  RELATIONSHIP  OF 
PRODUCTION  RATE,  PROGRESS  CURVES ,  AND  UNIT  COST 
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Appendix  E 

SIMPLIFIED  THEORETICAL  DISCUSSION  OF  RELATIONSHIP  OF 
PRODUCTION  RATE.  PROGRESS  CURVES,  AND  UNIT  COST 

It  is  useful  to  present  a  simplified  theoretical  structure 
that  relates  production  rate  to  unit  cost.  This  theoretical 
framework  is  consistent  with  that  of  standard  economic  texts. 

It  will  be  demonstrated  that  this  theoretical  structure  leads  to 
a  U-shaped  relationship  between  unit  cost  and  production  rate. 

A  U-shaped  cost  curve  explains  empirical  results  that  sometimes 
show  an  increase  and  sometimes  show  a  decrease  in  unit  cost  as 
production  rate  is  increased.  A  brief  and  simplified  integra¬ 
tion  of  cost  curves  and  pru^ress  curves  also  is  presented  in 
this  appendix. 

First,  let  us  postulate  a  simple  production  function  with 
constant  returns  to  scale.  A  production  function  relates  the 
rate  of  output  to  the  amount  of  labor  and  capital  used  in  a 
given  time  period.  "Constant  returns  to  scale"  means  that  if 
labor  and  capital  are  doubled,  then  the  rate  of  output  is 
doubled.  We  use  constant  returns  to  scale  to  simplify  the  dis¬ 
cussion  of  the  theoretical  relationship  between  production  rate 
and  cost.  The  qualitative  results  that  will  be  presented  for 
constant  returns  to  scale  also  apply  to  decreasing  or  (moderately) 
increasing  returns  to  scale. 

Wo  will  use  a  Cobb -Doug.1  as  production  function  (CDPF)--i.e, , 

X  •  ALaX9  (a»0,3>0 ,a*6sl)  ,  (E-l) 


E-l 


where 


L 
K 

A,a ,  p 

More  complex  production  functions  could  be  prese ‘ted;  they  would 
not  change  the  conclusions  we  will  derive  from  a  CDPF,  but  they 
would  complicate  the  mathematics  and  the  discussion  unnecessarily 
The  amount  of  capital  K  can  be  treated  as  a  fixed  factor  of  pro¬ 
duction  (i.e.,  the  amount  of  plant  and  equipment  available  can  be 
considered  in  fixed  supply  for  short  periods  of  time) .  The 
amount  of  labor,  however,  can  be  considered  a  variable  factor  of 
production  (i.e.,  the  amount  available  to  a  particular  product 
can  be  increased  or  decreased  in  a  plant  within  short  periods 
of  time) . 

Therefore,  we  can  rewrite  the  CDPF  to  reflect  these 
assumptions: 


where  B  *  «  constant  . 

Total  cost  equals  the  sura  of  labor  cost  and  capital  cost-- 

i.e., 

C  -  wL  ♦  kK  ,  (E-3) 

where 

C  «  total  u.'st; 

w  -  wage  rats; 

1  “  units  of  labor  input  Uame  l  as  in  bq.  £-1); 

b  *  price  of  capital  inputs;  and 

K  «  units  of  capital  input  (same  K  as  in  liq.  £-1), 

Since  capital  is  here  treated  as  a  fixed  factor  of  production 
capital  costs  are  fixed;  the  total  cost  equation  (£-3)  therefore 
can  be  rewritten  as 


quantity  produced  per  unit  of  time; 

units  of  labor  input  (i.e.,  index  number  of 
man-hours) ; 

units  of  capital  input  (i.e.,  index  number 
of  machine -hours) ;  and 

constants . 
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where  F  »  fixed  costs  ■  constant.  Substituting  the  rate 
of  production  X  of  Equation  (iI-2)  for  units  of  labor  input  L  in 
Equation  (E - 4)  yielas 


~~  X1^  ♦  F 

r7* 


(E-5) 


Average  cost  can  be  derived  from  Equation  (E-S)  by  dividing  both 
sidec  of  that  equation  by  the  rate  of  production  X: 


whe  re  |- 
(E-6)  as 


where  q 


£  .  W  v«  ~  1  ,  P  . 
I  ^I7a  X  X 


(E-6) 


average  cost.  For  simplicity,  we  rewrite  Equation 


C 

X 


qXY  ♦  r 


X 


(y  >  0)  , 


fb-7) 


w  1 

—<~r  -  and  y  *  —  -  1  . 

Bl/<i  a 


If  average  cost  C/X  is  plotted  against  production  rate  X 
using  Equation  (E-7),  then  a  U-shaped  average  cost  curve 
emerges . 1 


'To  derive  a  marginal  or  unit-cost  equation.  Equation  (E-7) 
needs  to  be  uifferentiateu  w*rh  respect  to  X.  The  resulting 
marginal  cost  equation  is 


dC 

3T 


» 


where 


dC 

3X 


marginal  or  unit  cost.  Theoretically,  the  margins* 


(rather  than  the  average)  equation  should  be  used  for  purpose? 
of  decision-making.  As  a  practical  matter,  decisions  based  on 
average  cost  usually  will  be  close  to  those  based  on  marginal 


test. 
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The  precise  shape  of  the  curve,  whether  it  is  nearly 
symmetrical,  or  skewed  to  the  right  or  left,  depends  on  the 
numerical  values  for  q,  y>  and  F.  There  are  four  obvious  con 
elusions  that  can  be  drawn  from  a  U-shaped  cost  curve: 

(1}  Whether  increasing  or  decreasing  the  production 
rate  will  lower  average  cost  depends  on  whether 
the  rate  of  production  is  "too  small'*  or  "too 
large."  Too  small  or  too  large  a  production  rate 
is  only  used  here  in  relation  to  minimum  average 
(or  marginal)  cost.  "Too  small"  or  "too  large" 
does  r.ot  imply  that  a  firm  is  economically  inef¬ 
ficient  or  that  it  is  not  maximizing  profit. 

(2)  An  empirical  analysis  that  tries  to  fit  a  mono- 
tonic  relationship  (e.g.,  linear,  log-linear) 
between  average  cost  and  production  rate  across 
several  models  of  a  product  (e.g.,  models  of  air¬ 
craft)  is  most  likely  not  to  come  up  with  any 
significant  relationship  between  cost  and  pro¬ 
duction  rate  (unless  there  is  a  strong  systematic 
bias  towards  too  low  or  too  high  a  production  rate 
among  models  of  a  product).  If  a  significant  rela¬ 
tionship  did  occur,  then  a  question  as  to  whether 
the  sample  was  representative  and  statistically 
unbiased  would  occur. 

(3)  An  empirical  analysis  that  fits  a  monotonic  rela¬ 
tionship  i>. g.,  linear  or  log-linear)  between 
average  cost  and  production  rate  for  a  specific 
model' in  a  time- series  analysis  is  not  likely  to 
come  up  with  a  significant  relationship  when  the 
production  rats  is  sometimes  "too  high"  and  some¬ 
times  "too  low." 

(4)  If  the  rate  of  production  is  systematically  either 
too  low  or  too  high  for  a  particular  model  at 
different  points  In  time,  then  either  a  negative 
or  a  positive  relationship  will  show  up  between 
production  rate  and  average  (or  marginal)  cost. 

Let  us  further  examine  Equation  {£■?).  *f  we  consider 
two  plant  i  that  have  the  same  A,  a,  and  B  parameters  but  one 
with  twics  as  much  capital  as  the  other,  then  what  will  the 
cost  curve  of  the  smaller  plant  be  relative  to  the  larger 
plant? 
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For  the  smaller  plant,  we  will  use  Equation  (E- 7)  to 
represent  its  average  cost: 

£  -  qXY  +  |  .  (E-7) 

The  cost  of  the  plant  twice  as  large  would  be  represented  by 


Figure  E  represents  the  average  cost  curves  for  smaller 
and  larger  plants.  The  production  rate  required  to  achieve  a 
minimum  average  (or  mrtginal)  cost  for  the  larger  plant  is 
twice  that  of  the  smaller  plant.  Thus,  in  a  procurement  pro¬ 
gram  that  requires  smi.il  cumulative  quantities  with  (probably) 
low  rates  of  scheduled  delivery,  a  small  plant  will  achieve 
lower  costs  than  a  large  plant*,  conversely,  for  large  cumula¬ 
tive  quantities  with  (probably)  high  rates  of  scheduled 
delivery,  a  large  plant  will  achieve  lower  costs  than  a  small 
plant.  If  there  are  economies  of  scale  (dour ling  labor  and 
capital  more  than  doubles  output)  or  diseconomies  of  scale 
(doubling  labor  and  capital  less  than  doubles  output) ,  thru  the 
minimum  cost  will  be  different  for  the  large  plant  and  the  small 
plant.  With  economies  of  scale,  the  theoretical  minimum  cost 
will  be  lower  for  the  large  plant  than  for  the  small  plant;  with 
diseconomies  of  scale,  the  converse  is  true.  Those  results 
hold,  provided  that  the  progress -curve  parameters  are  the  same 
for  large  and  small  plants. 

To  obtain  a  progr,?ss  curve  from  a  production  function, 
let  us  assume  for  simplicity  that  the  amount  of  both  laboi  and 
capital  used  in  a  plant  remain  fixed  over  time.  Furthermore, 
let  us  assume  that  •’disembodied"  technical  progress  is  occurring 
at  a  constant  rate  over  time.  "Disembodied"  technical  progress 
means  tnat  the  rate  of  technological  progress  that  occurs  is 
independent  of  the  level  of  labor  or  capital  usod.  The  exist - 

E-S 


v>°r-/a-7'r'  v*»>--«>~<>  —^■•t  -■»  •**>■+*  v>— f*» “- W.-mfro  - 


Figure  £.  COST  CURVES  FOR  TWO  SIZES  OF  PLANTS 

ence  of  disembodied  technical  progress  is  consistent  with 
learning  by  labor.  For  example,  let 

1  s  stL  ,  (E-9) 

where 

{,  48  the  amount  of  labor-equivalent  units  (one  labor- 

equivalent  unit  produces  a  constant  amount  of 
output  per  unit  of  time); 

L  *  the  amount  of  labor  in  man-hours  per  unit  of  time; 

t  *  time;  and 

a  *  constant. 

For  the  reader’s  convenience,  we  repeat  equation  (E-2),  which  is 
based  on  a  Cobb -Douglas  production  function: 

X  *  BLa  .  (E-2) 

Equation  (L-2)  is  consistent  with  Equation  (E-9)  only  when 

8  •  (ct)a  , 

where  c  «*  a  constant.  But  it  is  precisely  the  case  when 
B  «  (ct)a  that  disembodied  technical  progress  exists. 
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Cumulative  output  Y  can  be  obtained  from  Equation  (E-2) 
by  taking  the  integral  of  this  equation  with  respect  to  time, 


Jx dt  ®  J(ct)aLadt 


a, a^2a 


C  L  t 
2 


(E-10) 


Dividing  Equation  (E-10)  by  L  and  taking  the  inverse  yields 


L 
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The  term  L/Y  is  the  average  cost,  in  terms  of  man-hours  (per 
unit  of  time)  per  cumulative  unit. 

Taking  logarithms  of  both  sides  of  Equation  (E-ll)  gives 

{?)  “  • 2atot  • 
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(E-12) 


where  h  »  w*  [ ££»„—}«»  constant.  Taking  logarithms  of  both  sides 
of  Equation  (E-IO)  yields 

M  ®  k  ♦  2a&t  ,  (E-15) 


where  k  * 


m 


*  constant. 


Since  Y  is  linearly  related  to  f,  the  term  L/Y  can  be 
interpreted  as  the  average  cost,  in  terms  of  man-hours  (per 
given  amount  of  output)  per  cumulative  unit. 

Substituting  Equation  (E-13)  for  in  Equation  (E-iO) 

gives 


*  h  -  , 


(E-U) 


*  a 

where  a  «  *  Equation  (E-14)  represents  an  ordinary  log- 

linear  progress  curve.  This  progress  curve  has  been  derived 
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directly  from  a  (Cobb-Douglas)  production  function  with  disem¬ 
bodied  technical  progress. 
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Appendix  F 


THEORETICAL  EXAMINATION  OF 
THE  POST-COMPETITIVE  PROGRESS  CURVE 

This  appendix  attempts  to  provide  a  theoretical  basis  for 
the  empirical  conclusions  presented  in  Chapter  IV.  It  is  shown 
that  negotiated  bole-source  procurement  contracts,  even  if 
executed  after  a  design  competition,  can  lead  to  an  inefficient, 
and  hence  more  costly,  mix  of  inputs;  and  that,  due  to  this 
inefficiency,  subsequent  reprocurement  of  a  particular  piece 
of  equipment  under  competitive  conditions  may  result  in  the 
contract  award  going  to  a  different  supplier.  Tnis  latter 
result  can  be  expected  in  many  cases  even  after  allowing  for 
the  cost  advantage  that  the  original  supplier  obtains  from  the 
progress-curve  effect. 

A.  ASPR  PROFIT  WEIGHTS  AND  INEFFICIENT  PRODUCTION 

In  this  section,  the  incentives  provided  by  the  Armed 
Services  Procurement  Regulation  (ASPR)  for  the  contractors  to 
use  efficient  production  methods  will  be  analysed.  Every 
negotiated  procurement -act ion  requires  some  form  of  price  or 
cost  analysis,  and  an  important  part  of  the  price-negotiation 
jolicies  and  techniques  is  the  calculation  of  profits.  ASPR 
explicitly  states  that  "It  is  the  policy  of  the  Department  of 
Defense  to  utilise  profit  to  stimulate  efficient  contract 
pert c ‘"nance  (and  that)  the  aim  of  negotiation  should  be  to 
employ  the  profit  motive  so  as  to  impel  effective  contract 
performance  by  which  overall  costs  are  economic."  liy  controlled" 
{3-808. 1(a) ) .  Nevertheless,  the  way  profits  are  calculated 
may  induce  a  bias  and  an  inef i'iciency  in  the  use  of  certain 
iactors  of  production.  After  a  brief  description  of  how 
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profits  are  determined,  a  theoretical  economic  analysis  of  the 
incentives  toward  inefficient  resource  use  will  be  made. 

1 •  Description  of  Profit  Weights  and  Their  Use 

ASPR's  weighted-guidelines  method  for  establishing  profit 
objectives  is  designed  to  tailor  profits  to  th?  circumstances 
of  each  contract  by  taking  into  account  the  contractor's  costs, 
the  contractor's  assumption  of  cost  risk,  his  past  performance, 
and  other  selected  factors.  Table  F,  derived  from  ASPR  3-808.4, 
lists  the  various  profit  factors  and  weight  ranges.  For  the 
"Contractor's  Input  to  Total  Performance,"  the  contracting 
officer  assigns  a  profit  percentage  within  the  designated 
weight  ranges  to  each  category  of  contract  cost,  and  multiplies 
the  costs  by  the  specific  percentages,  to  arrive  at  specific 
dollar  profits.  The  total  dollar  profit  from  all  the  cost 
categories  is  then  divided  by  the  total  input  costs  to  get  the 
profit  objective  as  a  percent  of  total  input  costs.  To  this 
profit  objective  is  added  the  additional  percentages  that  allow 
for  the  "Contractor's  Assumption  of  Contract  Cost  Risk,"  which 
is  primarily  based  on  the  type  of  contract  to  be  granted  and 
the  ability  of  the  contractor  to  pass  on  increases  in  costs; 
‘'Record  of  Contractor's  Performance";  "Selected  Factors," 
where  government -provided  inputs  would  be  considered;  and 
"Special  Profit  Consideration."  The  sum  of  these  percentages 
gives  the  total  profit  objective. 

Because  the  profit  objective  varies  with  the  specific 
procurement,  the  government  hopes  to  encourage  good  contractor 
performance.  Although  cost  risk  and  the  source  of  the  material 
and  financial  resources  are  quite  legitimate  factors  .in  deter¬ 
mining  an  adequate  rate  of  return,  the  differential  weights 
attached  to  the  cost  categories  in  "Contractor's  Input  to  Total 
Performance"  can  load  to  an  inefficient  combination  of  inputs. 
The  use  of  engineering  labor  gives  profits  of  9  to  IS  percent 
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Table  F.  ASPR  WEIGHTS 


Profit  Factors 

Weight  Ranges 

CONTRACTOR'S  INPIT  TO  TOTAL  PERFORMANCE 

Direct  Materials 

Purchased  Parts . 

1  to  4* 

Subcontracted  Items . 

1  to  5* 

Other  Materials . . . 

1  to  4% 

Engineering  Labor . .  . 

9  to  15* 

Engineering  Overhead  . 

6  to  9* 

Manufacturing  Labor . 

5  to  9* 

Manufacturing  Overhead  . 

4  to  7* 

General  and  Administrative  Expenses.  ..... 

6  to  8% 

CONTRACTOR'S  ASSUMPTION  OF  CONTRACT  COST  RISK.  . 

0  to  7% 

Type  of  Contract 

Reasonableness  of  Cost  Estimate 

Difficulty  of  Contract  Task 

RECORD  OF  CONTRACTOR'S  PERFORMANCE  . 

>2  to  +2* 

Small  Business  Participation 

Management 

Cost  Efficiency 

Reliability  of  Cost  Estimates 

Value  Engineering  Accomplishments 

1 

Timely  Deliveries 

Quality  of  Product 

Inventive  and  Developmental  Contributions 

Labor  Surplus  Area  Participation 

SELECTED  FACTORS  .  . 

-2  to  *2* 

Source  of  Resources 

t 

Government  or  Contractor  Source  of 

l 

Financial  and  Material  Resources 

; 

Special  Achievement 

i 

Other 

i 

j 

SPECIAL  PROFIT  CONSIDERATION.... 

i 

L  - 
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of  that  labor’s  cost,  while  use  of  manufacturing  labor  yields 
profits  of  5  to  9  percent  of  that  cost;  and  purchased  parts  have 
profit  weights  of  only  1  to  4  percent.  If  the  production  facili¬ 
ties  must  be  provided  by  the  contractor  and  charges  for  their 
use  are  recorded  in  manufacturing  overhead,  there  is  a  profit 
factor  of  4  to  1  percent  of  these  amortized  costs.  In  a  com¬ 
mercial  situati-n,  the  firm  would  normally  look  at  the  cost  of 
an  input,  consider  the  value  of  the  output  that  input  produces, 
and  choose  the  relative  amounts  of  all  inputs  on  this  basis. 

The  profit  in  the  commercial  situation  depends  on  the  overall 
costs  and  the  price  that  buyers  are  willing  to  pay,  and  the 
buyers’  demand  is  independent  of  the  method  of  production.  But 
when  the  profit  rate  depends  on  the  use  of  specific  inputs, 
as  in  negotiated  military  procurements,  the  firm  has  an  incen¬ 
tive  to  use  the  inputs  with  the  highest  profit  weights. 

2  •  Theoretical  Analysis 

The  following  discussion  may  appear  to  be  excessively 
complex,  but  a  careful  theoretical  discussion  of  the  incentives 
facing  a  firm  is  needed  to  indicate  how  production  inefficien¬ 
cies  can  arise.  Since  the  study  has  been  una!»le  to  get  data 
on  production  costs  that  will  show  the  change  in  costs  (rather 
than  prices)  as  procurements  go  from  negotiated  to  formally 
advertised  bidding,  the  discussion  will  show  why  costs  theoreti¬ 
cally  should  fall.  The  simple  change  in  incentives  from 
negotiated  contracts  with  weighted  profit  guidelines  to  firm 
fixed -price  contracts  with  no  government  control  over  profits 
can  lead  to  a  lower -cost  production  method. 

Figure  p-1  describes  in  graphical  terms  the  determination 
of  the  lowest  cost  (most  efficient!  method  of  production.  Here 
let  ?  be  a  constant  amount  of  output  that  can  he  produced  with 
different  combinations  of  the  inputs  (capital  K  and  labor  t.)  - 
The  curvature  of  this  equal  output  line  sho*s  diminishing 
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Figure  F-l.  CHOICE  OF  MOST  EFFICIENT  PRODUCTION  METHOD 

returns  in  the  use  of  each  input,  which  means  that  as  the  firm 
tries  to  produce  Y  with  less  and  less  capital,  larger  amounts 
of  labor  will  have  to  be  substituted.  The  choice  of  wnich 
combination  of  K  and  t  to  use  to  produce  Y  will  depend  on  the 
prices  of  the  inputs,  and  these  prices  reflect  both  the  scar¬ 
city  of  the  inputs  and  their  value  in  other  uses.  If  the  input 
prices  are  assumed  to  be  constant,  the  relative  prices  of  K 
and  L  can  be  shown  by  a  straight  line.  The  position  c-f  the 
line  relative  to  the  axes  reflects  the  total  money  available; 
and  the  slope  shows  the  ratio  of  prices  which  in  Figure  F*1 
is  the  ratio  of  the  price  of  labor  to  the  price  of  capital. 

For  a  given  ratio  of  input  prices,  the  lowest  cost  combination 
of  inputs  can  be  determined  by  the  point  of  tsngency  of  the 
relative-price  line  with  the  equal-output  curve.  In  Figure  F-l, 
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this,  is  point  A,  which  will  take  LA  units  of  labor  and 
units  of  capital  at  a  total  cost  of  M.  Y  can  also  be  produced 
for  more  than  M  by  using  other  combinations  of  K  and  L,  but  it 
cannot  be  produced  for  less,  given  the  prices  PK  and  PL  for  capi¬ 
tal  arid  labor.  ‘Therefore.-,  point  A  shows  the  most  efficient  way 
of  producing  the  desircc  output  for  the  existing  relative  prices. 

Although  profit  in  a  simple  two-input  model  is  usually 
thought  of  as  included  in  the  price  of  capital,  it.  may  be  use¬ 
ful  fin  order  to  make  tne  above  discussion  compatible  with  the 
weighted -prof its  method)  to  think  of  an  additional  return,  say 
to  the  person  providing  funds  during  the  production  process. 

Thus,  if  the  cost  M  for  producing  Y  is  less  than  the  price 
offered  for  Y,  there  will  be  a  return  to  these  funds .  This 
profit  is  maximized  by  producing  at  the  lowest  cost  (point  A 
in  Figure  F-l),  because  the  price  offered  is  independent  of 
the  method  of  production. 

Incentives  provided  by  the  ASPR  weighted-profit  factors 
(Table  F,  above),  however,  distort  the  cost -minimization  process. 
The  government  is  not  indifferent  to  the  way  the  constant  output 
V  is  produced  but  is  willing  to  pay  a  price  that  includes  a 
higher  profit  rate  when  a  certain  input  is  used.  The  differen¬ 
tial  profit  factor  weights,  say  5  percent  of  the  cost  ef  K  and 
d  percent  of  the  -cose  of  (. ,  change  the  relative  prices  of  K  and 
l..  The  market  prices  o*  K  and  I.  remain  unchanged,  hut  tne  use 
of  t  gives  a  4-percent  additional  profit  and  l  becomes  relatively 
more  profitable.  Thus,  in  Figure  P**  there  are  two  important, 
ratios  hetween  capital  ami  labor.  The  line  W*  tangent  to  the 
equal-output  curve  at  point  A  is  based  on  the  market  prices 
and  shows  what  must,  ho  paid  to  the  inputs.  Any  point  along 
this  line  corresponds  to  a  constant  input  cost  of  M,  but  Y 
can  he  obtained  for  this  cost  only  if  the  combination  of  inputs 
at  point  A  is  used.  In  terms  of  the  contribution  \o  profits, 
however,  a  new  relative  price  line  tfW*  comes  in.  Now  the 
intercept  on  the  capital  axis  is  (1.05)  M/P^,  rather  than 
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M/Fk,  and  the  intercept  on  the  labor  axis  is  (l.OS)  M/P^. 
(1.05)M  would  be  the  price  including  the  profit  if  only  K  were 
used  in  the  production  process;  and  (1.09)M  would  be  the  price 
if  only  L  were  used  in  production.  Since  the  line  WW'  shows 
the  costs  plus  profits,  the  combination  of  inputs  to  produce  Y 
must  still  be  determined. 
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If  production  decisions  are  made  on  the  basis  of  profits, 
the  inputs  will  be  chosen  on  the  basis  of  their  differential 
contributions  to  profit,  as  v.,*ll  as  on  the  basis  of  their  market 
prices.  The  lowest-cost  production  point  using  these  two  cri¬ 
teria  of  price  and  profit  contribution  is  point  5,  which  is  the 
point  of  tangency  between  Y  and  the  line  XX',  which,  being 
parallel  to  WW ' ,  shows  the  same  contributions  to  profits.  But 
producing  by  method  B  will  cost  more  tha.i  the  M  by  method  A 
for  the  same  input  prices  of  and  .  This  increase  in  the 

budget  constraint  to  M  can  be  shown  by  a  line  YY *  that  passes 
through  point  B  (to  enable  production  by  this  method)  and  has 
the  same  slope  as  VV  ’  (to  show  the  same  relative  prices  of  the 
inputs).  Thus,  when  inputs  have  differential  contributions  to 
prorits,  the  combination  of  inputs  chosen  is  less  efficient 
and  costs  more  than  the  most  efficient  method.  Although  the 
most  efficient  method  was  described  earlier  as  resulting  when 
the  price  offered  is  independent  of  the  costs,  an  equal -percentage 
profit  contribution  for  all  Inputs  would  also  induce  the  most 
efficient  production  method. 

So  far  the  increased  resource  cost  for  using  method  B 
rather  than  A  has  been  discussed.  The  government,  however,  is 
concerned  with  the  price  including  profit  that  it  must  pay.  For 
the  given  profit  weights,  the  government  pays  a  higher  price 
fo^  good"  produced  by  input -combination  B  rather  than  by  the 
efficient  combination  A.  This  is  both  be.auso  mo,?  of  the 
move  heavily  weighted  input  is  used  at  B  (inereas  r.g  t h©  profits) 
and  because  the  costs  on  which  the  profits  are  based  are  higher 
at  b . 

An  even  more  expensive  way  of  producing  Y  than  by  method  D 
could  Have  been  chosen,  which  would  have  used  more  of  the  heavily 
weighted  input,  but  if  there  is  enough  competition  trow  other 
potential  producers  even  when  negotiated  prices  are  required, 
the  most  efficient  (lowest  cost)  method,  for  the  given  incentives, 
will  tend  to  be  chosen. 
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3.  Theory  Summarized 


To  sum  up  the  above  necessarily  theoretical  discussion, 
the  weighted  profit-guidelines  of  ASPR  tend  to  induce  more 
expensive  methods  of  production  and  higher  procurement  costs. 
These  higher  costs  result  from  the  allowance  of  differential 
profit  rates  depending  on  the  type  of  input  used.  Because 
market  prices  of  inputs  already  reflect  their  scarcity  and 
value  in  other  uses,  production  decisions  should  be  based  on 
the  relative  prices  of  the  inputs.  But  firms  are  assumed  to 
maximize  profits  and  so  base  their  decisions  on  the  contribu¬ 
tions  of  the  inputc  to  profits.  When  profits  depend  on  the 
type  of  input  used  as  well  as  on  the  costs,  the  choice  of  inputs 
for  production  of  the  desired  output  is  biased  toward  the  use 
of  tne  inputs  with  the  higher  profit  weights.  This  bias  or  dis¬ 
tortion  increases  the  production  costs  above  the  minimum 
(efficient)  costs  of  production.  In  addition  to  the  increase 
in  production  costs,  the  price,  including  profit,  paid  by  the 
government  is  increased.  The  increase  in  price  is  due  both  to 
the  use  of  inputs  with  the  higher  profit  weights  and  to  the 
higher  overall  production  costs  that  profits  are  based  on. 

The  above  theoretical  analysis  shows  that  if  the  procure¬ 
ment  procedure  is  a  negotiated,  sole- source  contract,  the  ASPR 
prof it- factor  weights  will  lead  to  a  combination  of  inputs 
that  represents  an  input  cost  in  excess  of  the  minimum  necessary 
to  produce  the  same  level  of  output.  This  will  be  true  even 
when  there  exists  a  competition  for  selection  of  supplies. 

Before  examining  how  this  result  might  become  an  important 
factor  in  determining  the  winner  of  a  reprocuremont  award  under 
competitive  bidding,  it  is  necessary  to  explore  the  relationship 
between  the  unit  price  charged  and  the  underlying  cost  struc¬ 
ture  within  the  context  of  a  negatively  sloped  progress  curve. 


4.  Empirical  Indications 


In  spite  of  this  extensive  theoretical  discussion  of  the 
ASPR  profit  guidelines ,  it  is  difficult  to  show  conclusively 
that  production  methods  are  not  efficient  and  that  some  costs 
are  excessively  high.  And  because  this  appendix  has  argued 
that  particular  costs  (those  with  high  profit  weights)  are 
inflated  over  the  general  tendency  of  cost  justification,  some 
evidence  of  the  excessive  use  of  labor  is  needed.  This  empiri¬ 
cal  work  was  not  done,  because  of  the  emphasis  of  the  project 
on  other  aspects  of  competition,  but  there  is  some  tentative 
evidence  provided  by  other  studies.  For  example,  the  work  by 
Peck  and  Scherer  [63],  The  Weapons  Acquisition  Process:  An 
Economic  Analysis ,  reported  on  a  study  of  the  productivity  of 
engineers  in  the  weapons  industry: 

The  study  concluded  that  improved  utilization  of 
scientific  and  engineering  manpower  would  give  in¬ 
creased  output  yields  of  up  to  100  times,  the  most 
likely  potential  increase  being  estimated  at  10  times. 
Reasons  for  the  low  indicated  productivity  included 
the  use  of  engineers  on  routine  jobs,  assignments  of 
little  or  no  value,  unnecessary  duplication  of  effort, 
high  turnover  (the  average  survey  respondent  changed 
jobs  every  3.3  years),  and  effort  spent  on  unassigned 
projects.  The  authors  cited  as  underlying  causes  of 
these  problems  the  difficulty  of  keeping  informed  on 
technical  advances,  government  duplication  of  projects, 
design  competitions,  duplication  by  prime  contractors 
of  subcontractors*  work,  the  mass  engineering  philoso¬ 
phy  inspired  by  operation  under  reimbursement  con¬ 

tracts,  and  inadequate  management.  (63,  pp.  513-S16; 
emphasis  added] 

A  recent  study  by  the  Logistics  Management  Institute  (U4J) 
also  reported  some  empirical  evidence  that  "cost ‘based  pricing 
leads  to  excessive  labor  and  higher  costs"  (64 ,  p.  18;  see 
also  pp.  "i- 12]  In  addition  to  these  perverse  incentives 
from  prices  ha*«d  on  costs,  LMI  also  reported  on  the  common 
industry  view  that  the  work  will  bo  spread  among  the  firms  in 
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an  industry;  this  view  encourages  overbuilding  and  overstaffing 
in  order  to  get  future  work  [64,  pp.  15-16], 

Thus,  the  empirical  evidence  from  other  studies  shows  that 
the  cost-based  profit  guidelines  of  ASPR  have  an  impact  on 
increasing  costs.  This  impact,  however,  is  only  one  aspect  of 
several  overall  incentives  within  government  procurement  prac¬ 
tices  to  increase  costs.  Nevertheless,  the  bias  induced  by  the 
differential  ASPR  profit  weights  has  been  neglected  in  previous 
discussions  of  incentives,  and  this  appendix  has  tried  to  remedy 
the  neglect. 

B.  PRICING  POLICIES  AND  EFFECTIVE  COMPETITION 
I •  Pricing  Policies  Under  ASPR 

A  potential  source  of  confusion  throughout  the  analysis  of 
the  effects  of  competitive  procurements  is  the  relationship 
between  the  prices  charged  and  the  production  costs.  For  nego¬ 
tiated  and  sole-sourcw  procurements,  some  form  of  price  or  cost 
analysis  is  required  by  ASPR;  and  when  the  weighted  profit  guide¬ 
lines  are  used,  there  is  a  strong  relationship  between  costs  and 
prices,  because  prices  are  costs  plus  the  profit  objective. 
Therefore,  when  manufacturing  costs  follow  a  negatively  sloped 
progres'  curve,  prices  of  subsequent  units  will  fall  as  well. 

When  procurements  are  formally  advertised,  however,  DoD  is  not 
required  to  take  into  account  the  costs  ana  profits,  since  con¬ 
tracts  must  be  firm  fixed-price  or  fixed-price  vUth  escalation 
(ASPR  2-104.1],  Thus,  with  procurement  by  formal  advertising, 
there  is  no  indication  that  prices  closely  follow  costs;  the 
relationship  will  depend  on  the  pricing  policy  used.  There 
is  also  the  general  presumption  that  price  competition  is 
adequate  in  formally  advertised  procurement  (see  the  con¬ 
ditions  listed  in  ASPR  3-807.1  (5?)  (1)3],  so  the  following 
analysis  will  assume  that  commercial,  competitive  pricing 
policies  are  followed  under  formally  advertised  procurements. 


2.  Description  of  Commercial  and  Negotiated  Pricing  Policies 

The  usual  description  of  commercial  (assumed  competitive) 
pricing  policy  is  a  constant  price  for  a  large  fixed  number  of 
units.  So  in  Figure  F-3,  if  production  costs  follow  a  progress 
curve  L,  the  loss  in  area  A  for  the  early  units  (due  to  the 
constant  price)  is  offset  by  the  profit  in  area  B  on  the  later, 
lower-cost  units  of  output.  To  a  certain  extent,  this  pricing 
policy  is  followed  in  negotiated  defense  procurements,  since  on 
each  buy  a  total  price  and  an  output  are  set,  giving  a  constant 
average  price  per  unit.  The  important  difference  between  com¬ 
mercial  and  defense  pricing  practice  appears  to  be  in  how  the 
quantities  are  set.  In  the  commercial  case,  the  quantity  (Q^ 
in  Figure  F-3)  on  which  a  profit  is  to  be  made  is  determined 
by  the  expected  sales  over  an  extended  period  of  time.  In  defense 
procurement,  however,  there  is  often  a  series  of  buys,  but  if 
the  current  producer  can  assume  with  some  reliability  in  a  sole- 
source  case  that  he  will  get  the  subsequent  procurements,  the 
expected  output  is  larger  than  called  for  by  the  initial  con¬ 
tract.  Assume  in  Figure  F-3  that  QD  is  the  total  expected  out¬ 
put  for  the  series  of  negotiated  procurements.  If  the  first 
contract  is  for  a  total  output  of  ,  the  defense  pricing  policy 
will  set  a  price  that  will  yield  a  reasonable  rate  of  return 
on  the  costs  of  that  contract.  On  the  next  contracts  (Q2  '  Qj) 
and  (Q^  -  Q-, ) ,  average  prices  and  are  set  that  earn  a 
similar  profit  rate  on  the  associated  costs.  Thus,  with  this 
kind  of  pricing  procedure,  there  is  a  closer  relationship 
between  prices  and  costs  than  in  the  commercial  case  described 
to  the  left  in  Figure  F-3.  In  both  cases,  however,  a  similar 
overall  profit  rats  say  be  earned. 

3 •  Effective  Competition  Only  on  First  8uy 

The  relationship  between  prices  and  costs  is  important  in 
maintaining  effective  competition  in  a  series  of  procurements. 

r  U 


Figure  F-3.  PRICING  POLICIES 

The  maintenance  of  effective  competition  when  production  c^sts 
are  falling  as  cumulative  output  increases  depends  on  the  size 
and  number  of  competitive  buys.  In  a  competitive,  formally 
advertised  procurement  for  a  fixed  quantity,  as  long  as  all 
firms  have  similar  costs,  each  firm  will  bid  a  price  allowing 
the  lowest  acceptable  profit  or  a  competitive  rate  of  return. 
However,  if  one  firm  has  initial  costs  much  lower  than  the 
other  firms,  it  can  underbid  the  others  and  still  get  a  greater 
than-competi t ive  profit.  Here,  competition  is  not  effective 
in  eliminating  excess  profit.  Rut  if  this  situation  is  recog¬ 
nized  by  the  procurement  officer,  there  is  no  longer  adequate 
price  competition  according  to  ASPR  ‘{5*307, 1(b)  ( X } b ]  ,  and 
there  would  have  to  be  negotiation  of  prices  rather  than  for¬ 
mally  advertised  procurement.  Since  the  low-cost  firm  may 
retain  strong  bargaining  power,  high  profits  may  remain  even 
with  negotiation.  ASPR  does  recognize  the  difficulty  of 
eliminating  all  excess  profits  and  states: 

While  the  public  interest  requires  that  excessive 
profits  be  avoided,  the  contracting  officer  should 
not  become  so  preoccupied  with  particular  elements 
of  a  contractor's  estimate  of  cost  and  profit  that 
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the  most  important  consideration,  the  total  price 

itself,  is  distorted  or  diminished  in  its  signifi¬ 
cance.  [ASPR  3 -806(b)! 

Thus,  with  initially  similar  costs,  effective  competition 
can  be  obtained  on  the  first  contract  and  there  will  be  no  excess 
profits.  But  when  a  subsequent  contract  is  considered,  there  is 
the  question  of  how  many  competitors  there  will  be.  If  all  firms 
faced  the  same  potential  progress  curve  for  costs  at  the  first 
buy,  and  if  one  firm  won  all  (or  even  the  largest  part)  of  the 
first  contract,  then  this  firm  would  have  a  cost  advantage  on 
the  later  buy  because  it  is  farther  down  its  progress  curve. 

This  firm  can  slightly  underbid  its  competitors,  win  the  second 
contract,  and  earn  more  than  a  competitive  profit. 

This  process  can  be  seen  in  Figure  F-4,  where  L  is  the  prog¬ 
ress  curve  faced  by  all  firms,  Q  is  the  amount  of  the  first 
competitive  buy,  and  (Q^  -  Q^)  is  the  amount  of  the  second  buy. 

If  price  Pj  is  the  average  price  per  unit  on  the  first  buy  that 
just  yields  a  competitive  rate  of  return  on  the  costs  of  the 
first  buy,  then  for  an  additional  equal  buy  of  Qj  (=  ) 

the  nonproducing  firms  will  charge  Pj  again  to  get  a  competitive 
return  on  their  costs.  (Of  course,  the  second  buy  does  not  have 
to  be  the  same  size  as  the  first;  but  equal  sire  is  assumed,  to 
simplify  the  diagrams  and  reduce  the  number  of  prices  to  be  con¬ 
sidered.)  The  firm  winning  the  first  contract,  however,  will  have 
to  cover  lower  costs,  shown  by  the  area  under  curve  L  between 
Q.  and  Q,.  Assume  that  an  average  price  of  P,  will  give  a  com- 
pet i live  return  on  the  latter  costs.  The  current  producer  can 
therefore  charge  some  price  between  P,  and  such  that  its 
nonproducing  competitors  are  just  underbid.  The  excess  profits 
are  then  measured  by  (P^  -  -  Qj).  It  may  look  as  if  there 

are  two  competitive  procurements  in  this  example;  hut  when  one 
firm  gets  all  the  first,  bid  and  when  the  firms  initially  face 
similar  costs,  the  winning  firm  has  a  cost  advantage  on  the  later 
buys* -  allowing  it  a  greater  than  competitive  profit  and  elimi¬ 
nating  effective  competition. 
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CUMULATIVE  OUTPUT 


Figure  F-4.  INEFFECTIVE  COMPETITION  ON  SECOND  BUY 


4.  Effective  Competition  Over  Series  of  Buys 

Still  assuming  that  costs  of  all  firms  are  initially 
similar  and  that  any  change  in  costs  can  be  predicted  and 
obtained  by  all  of  them,  effective  competition  over  the  total 
desired  output  can  be  maintained  even  in  the  presence  of  progress 
curves.  It  can  be  maintained  by  eliminating  the  cost  advantage 
that  the  connect  winner  has  on  later  buys.  Before  discussing 
several  ways  in  which  competition  can  be  maintained,  it  should 
b©  pointed  out  that  the  suggestions  are  based  on  the  assumption 
that  the  producing  firm  has  a  cost  advantage.  However,  if  non- 
producers  can  also  lower  their  costs  (e.g.,  through  unpredicted 
technological  changes  or  by  not  licensing  the  current  producer 


to  use  a  certain  patent),  then  effective  competition  can  be 
had  on  more  than  the  first  buy,  and  large  procurements  will  not 
be  desirable.  Thus,  the  recommendations  of  this  section  would 
apply  more  to  standardized  products  with  a  slowly  changing 
technology  base  than  to  products  in  a  rapidly  changing  field. 

One  obvious  wav  to  eliminate  the  cost  advantage  of  the 
contract  winner  is  by  splitting  the  output  evenly  over  all  firms 
with  fairly  close  bids  (still  assuming  that  the  initial  costs 
of  all  firms  are  similar).  This  splitting  means,  however,  that 
the  total  production  costs  (and  so  prices)  will  be  higher  than 
in  a  winner-take-all  bidding,  simply  because  costs  are  assumed 
to  fall  as  cumulative  output  increases.  Since  giving  bidders 
equal  shares  of  the  total  procurement  will  maintain  effective 
competition  over  a  series  of  buys,  profits  are  not  excessive-- 
but  at  the  cost  of  excessively  high  production  costs. 

Another  way  of  maintaining  effective  competition  is  to 
consolidate  the  series  of  procurements  into  one  competition. 

This  method  is  designed  to  lower  the  production  costs  by 
having  the  contracts  on  a  winner-take-all  basis,  and  it  will 
bo  shown  that  excess  profits  will  be  eliminated  as  well.  Con¬ 
solidation  of  the  series  of  buys  crn  be  done  in  two  ways: 

(l)  requesting  bids  on  a  v  '  mer- take-all  basis  for  (in 
figure  P*$),  or  (2)  requesting  bids  for  Qj  with  the  statement 
that  an  additional  quantity  (Q,  -  Qj)  will  be  bought  in  the 
future.  If  the  competitive  hid  is  for  quantity  Q, ,  then  an 
average  price  of  P-  win  be  bid,  where  P-  will  just  give  a 
competitive  rate  of  return  over  costs  of  the  whole  quantity. 

(P,  is  between  prices  P ^  and  P,,  which  as  defined  earlier  for 
Figure  F-4  just  allow  competitive  returns  on  the  quantities 
Q,  and  (Q,  -  respectively.) 

If.  however,  tne  competitive  bid  is  for  quantity  with 
an  announced  separate  procurement  of  fQ,  -  Q.)  later,  where 
again  for  simplicity  the  two  procurements  are  the  same  size. 
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figure  F-5.  PRICING  POLICIES  UNDER  EFFECTIVE  COMPETITION 

the  bidders  know  that  the  winner  of  the  first  competition  will 
have  a  cast  «dv-*ntags  on  the  second  buy  and  will  win  it  as  well. 
On  the  sgcopj  equal-sited  buy  the  nonproduc tm>  firms  (the  losers 
on  the  first  competition)  will  bid  to  give  i  competitive 
return  on  their  higher  costs,  so  this  is  the  maximum  that  the 
winner  of  the  first  competition  can  bid  on  the  second  buy.  To 
get  an  overall  competitive  return,  assuming  that  slightly  less 
than  Pj  will  be  charged  on  the  second  buy,  a  price  slightly  more 
than  1*2  will  be  bid  on  the  first  buy.  The  competitive  bidding 
will  reverse  the  prices,  giving  competitive  returns- -the  price 
P,  on  the  first  bid  gi’.ei  a  competitive  return  on  the  costs  of 
the  second  quant  itv,  while  the  price  Ps  or;  the  second  hid  gives 

*L 

a  competitive  return  on  the  costs  of  the  first.  Although  this 
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reversal  of  the  prices  bid  may  appear  to  be  unduly  complicated 
and  to  break  unnecessarily  the  tie  between  costs  and  prices, 
this  price  pattern  is  generated  by  competitive  bidding  because 
of  the  cost  advantage  of  the  winning  firm  on  the  second  pro¬ 
curement.  If  theie  are  other  factors  involved  (e.g.,  the 
bidders  feel  constrained  not  to  raise  the  price  on  the  second 
procurement  and  even  to  lower  price  somewhat),  a  different 
pattern  of  prices  will  result,  such  as  the  constant  price 
over  the  whole  output,  where  had  been  defined  to  give  a 
competitive  return  on  the  overall  costs. 

5 .  Theory  Summarized 

The  basic  points  of  this  section  are  that  (i)  the  presence 
of  progress  curves  generally  gives  lowest  costs  when  production 
is  by  a  single  firm,  (2)  actual  production  experience  gives 
a  cost  advantage  over  nonproducing  firms,  and  (3)  effective 
competition  requires  costs  to  be  fairly  close.  Therefore,  to 
have  the  lowest  production  costs  and  to  minimize  excessive 
profits  to  the  contractors,  DoI>  must  choose  a  single  producer 
but  ensure  that  its  entire  purchase  is  effectively  competed, 
with  all  bidders  facing  similar  costs.  This  can  be  done  either 
by  obtaining  bid.-,  at  one  time  for  the  total  output  to  be  pro¬ 
cured  or  bv  purchasing  a  series  ot  smaller  quantities  with  an 
initial  announcement  of  the  total  procurement.  Effective  com¬ 
petition  is  not  maintained  with  a  series  of  unconnected  winner 
take -all  competitions,  because  the  winner  of  the  first  will 
have  a  cost  advantage  in  the  late*  competitions,  though  this 
advantage  will  not  he  reflected  m  the  first  price  hid. 

This  discussion  has  also  shown  mat  the  pricing  policies 
unier  competition  can  have  little  direct  relationship  to  the 
actual  costs  of  production.  Over  the  relevant  decision -quant  if y, 
a  competitive  return  will  be  earned.  But  as  Hgure  V-S  has 
shown ,  the  price  on  one  contract  may  be  more  appropriate  to  the 
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costs  of  another  contract  than  to  its  own  production  costs.  The 
lack  of  relationship  between  prices  and  unit  (rather  than  total) 
costs  means  that  the  distinction  between  prices  and  costs  is 
particularly  important.  Progress  curves  depicting  production 
costs  cannot  then  be  easily  derived  from  price  data  for  competi¬ 
tive  firm  fixed-price  contracts.  Moreover,  comparisons  of  pre- 
and  post-competitive  progress  curves  from  price  data  must  be 
carefully  qualified  and  restricted.  Nevertheless,  procurement 
decisions  made  on  the  basis  of  the  total  costs  (rather  than  unit 
costs)  for  the  total  desired  quantity  will  still  be  correct. 

C.  SOLE-SOURCE  VERSUS  COMPETITIVE  PROGRESS  CURVES  AND 

PRICE-QUANTITY  RELATIONSHIPS 

To  complete  this  discussion,  we  need  to  examine  two  distinct 
questions:  (1)  whether  negotiated  or  competitive  contracts  imply 

fundamentally  different  underlying  cost  progress  curves,  and 
(d)  whether  as  a  consequence  of  pricing  practices  in  successive 
competitive  procurements  what  is  empirically  observed  is  not  the 
true  cost  progress  curve  but  a  competitive  price-quant itv  curve. 
In  what  follows  we  will  show  (i>  that  there  are  scund  theoretical 
reasons  to  support  the  existence  of  a  price -quant itv  curve  in  the 
competitive  case  that  is  flatter  than  in  th1?  sole-source  ease 
(which  would  explain  the  observed  result  of  a  shift  in  suppliers 
at  the  time  ot  first  reprocurement  under  competitive  conditions), 
and  ( l }  that  pricing  practices  used  in  subsequent  competitive  pro 
curementf.  will  lead  to  the  empirical  observation  of  a  competitive 
price  curve  even  flatter  than  the  competitive-cost  progress  curve 
These  questions  will  be  treated  in  the  order  they  were  raises, 

1  •  Definition  of  Efficient  Production 

The  argument ’•  leading  the  conclusion  that  the  initial 
supplier  has  a  distinct  cost  advantage  over  all  potential 


JSe*  Figure  P-c,  above. 
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competitors  on  subsequent  buys,  permitting  him  to  extract 
excess  profits,  hinges  on  some  special  conditions.  It 
explicitly  assumed  that  all  producers  had  the  same  (or  at  least 
very  similar)  production  costs--specifically  by  the  statement 
that  all  firms  faced  the  same  progress  curve.  In  addition,  and 
of  crucial  importance,  an  implicit  assumpt  on  was  made  that  the 
common  underlying  production  process  was  in  fa.t  the  most  effi¬ 
cient  one  available,  where  ffii. ,ency  is  defined  to  mean  the 
employment,  of  the  respective  factors  of  production  in  such  a 
mixture  as  to  yield  any  given  output  at  the  least  possible  cost. 
As  defined,  a  relative  judgment  of  efficiency  is  made  by  simul¬ 
taneously  considering  the  contribution  to  productivity  of  any 
particular  factor  and  its  cost.  Section  A  of  this  appendix 
showed  that  the  ASPR  weights  might  encourage  inefficient 
production;  we  want  to  examine  here  the  resulting  outcome 
stemming  from  the  use  of  an  inefficient  mode.1 

In  a  negotiated  contract  for  any  particu*  r  piece  of 
equipment,  the  supplier  must  develop  rather  precise  estimates 
regarding  the  quant ity  and  quality  of  inputs  to  be  used  in 
production  (e.g.,  $o  many  man-hours  of  engineering  labor,  so 
many  man-hours  of  production  labor,  etc.).  These  estimates 
then  fora  the  basis  iot  h's  production  cost  and,  ost  importantly 
become  an  integral  part  of  the  procurement  contract.  This 
contractual  relationship  also  fixes  the  production  ,.rocoss  in 
the  sense  of  prescribing  the  mix  of  inputs  that  will  ,o  use  i 
in  producing  the  equipment  in  question.  Once  the  input  ^rc- 
portions  are  fixed,  the  associated  progress  curve  is  also  fixed* 
since  the  progiess  curve  is  peculiar  to  the  choice  of  inputs 
as  well  as  to  the  type  of  equipment  being  produced.  Though 


•To  concentrate  the  focus,  of  the  inquiry,  we  w*,l  set  aside 
some  important  questions  such  as  proprietary  patents,  inven¬ 
tions  and  methodologies,  or,  in  general,  those  things  that 
nay  give  a  distinct  technical  advantage  to  a  subset  of  producers 
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sensitive  to  a  complex  set  of  elements,  the  downward-sloping 
progress  curve  involves  a  learning  phenomenon  where  an  increase 
in  physical  productivity  is  derived  from  performing  the  same 
function  over  and  over  again.  Any  input  will  have  embedded 
within  it  a  magnitude  of  latent  learning-potential,  ranging 
say  from  zero  for  a  simple  machine  to  some  large  value  for  an 
intelligent  but  not  specially  trained  human  input,  ihe  degree 
of  realization  of  this  latent  potential  will  depend  on  the 
peculiarities  of  the  output  involved.  A  complex  assembly  made 
in  turn  from  complex  subassemblies,  each  with  several  components, 
allows  room  for  a  great  deal  of  learned  efficiency  of  technique, 
while  a  simple  assembly  with  indelicate  and  trivial  subassemblies 
does  not.  Thus,  an  interaction  operates  between  the  inputs  and 
output  and  the  learning  phenomenon,  but  or.ce  the  input  mix 
and  output  type  are  fixed  so  is  the  structure  of  the  progress 
curve. 

2 .  Sole-Source  Progress  Curve 

If  we  assume  that  the  input  mix  agreed  to  in  the  negotiated 
procurement  contract  is  not  the  most  efficient  mix  possible, 
then  the  contractual  progros>  curv®  would  lie  above  the  progress 
curve  that  would  have  prevailed  under  the  case  of  the  most 
efficient  mix.  how  far  above  depends  on  the  initial  difference 
in  productivity  between  the  two  production  schemes  (contractual 
and  most  efficient)  and  the  rate  at  which  learning  takes  place 
within  the  respective  schemes  as  cumulative  output  increases 
(i.e.,  the  slopes  of  the  respective  progress  curves).  The 
slope  of  the  progress  cuive  associated  with  the  inefficient 
production  scheme  may  be  steeper  than,  same  a.,  or  less 
Steep  than  the  slope  associated  wish  the  efficient  scheme,  but 
(by  definition  of  efficiency)  this  progress  curve  must  lie 
everywhere  above  the  progress  curve  of  the  ef'^cienl  scheme. 


F-2S 


If  we  superimpose  the  necessarily  higher  intercept  value 
and  the  observed  steeper  slope  o';  the  progress  curse  for  the 
inefficient  scheme,  we  would  produce  the  situation  shown  in 
figure  F-6,  where  L*  and  L  are  the  inefficient  and  efficient 
progress  curves,  respectively. 


Figure  F-6.  PLOT  OF  EFFICIENT  AND  INEFFICIENT  PROGRESS  CURVES 


Now  suppose  a  negotiated  contract,  is  awarded  tor  the 
quantity  of  output  shown  by  q  to  a  suppliiv.  with  progress 
curve  L* .  With  no  loss  of  generality,  we  can  assume  that  t  and 
L‘  already  embody  an  ordinary  return  over  actual  outlay.  Then 
the  unit  price  that  would  prevr.il  for  this  procurement  vould  be 
following  the  argu&ent  developed  earlier  (in  the  discussion 
of  Figure  F-4,  above),  and  full  costs  would  just  oe  covered. 

On  a  subsequent  purchase  of  equal  sicr  ({q,  -  Q  )  »  q,i,  the 
inefficient  firm  would  >ust  cover  its  cost,  and  earn  an  ordinary 
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return  by  charging  price  -  But  if  the  second  purchase  was 
made  after  open  price-competition,  the  firm  with  progress  curve 
L  could  bid  a  price  P.  and  win  the  competition,  still  earning 
an  ordinary  return. 

If  Figure  F-6,  then,  correctly  portrays  the  underlying 
progress  curves,  it  is  not  inconsistent  to  observe  the  result 
in  price-competitive  successive  buys  of  the  original  supplier's 
losing  the  procurement  contract.  A  close  examination  of  Figure 
F-6  will  reveal  that  it  is  not  permissible  to  make  a  statement 
stronger  than  that  such  a  shifting  of  suppliers  is  possible. 
Shifting  of  suppliers  is  by  no  means  necessary;  and,  given  a 
different  relative  structure  of  the  progress  curves  or  different 
sized  procurements,  “here  need  be  no  shift.  Consider,  for 
example,  changing  cue  relative-  position  of  L*  and  1.  in  Figure 
F-0  so  that  the  intercept  value  of  L1  is  only  slightly  above 
that  of  L,  keeping  the  procurements  at  sizes  Q ^  and  Q->,  respec¬ 
tively  (as  shown  by  L"  in  Figure  F-6).  If  we  were  to  show  the 
prices  that  would  prevail  using  L" ,  then  on  a  competitive 
seconi  buy  the  inefficient  producer  would  again  win  the  contract 

3 .  Relative  Slopes  of  the  Two  Progress  C u '“ye s 

To  complete  this  ctscussion,  need  to  p.ovile  a  theoretic 
cal  rational*  for  drawing  the  curve  l*  in  Figure  F-6  with  a 
steeper  slope  than  the  curve  i,  in  other  words,  the  reason  that 
the  slope  of  the  progress  curve  ef  the  inefficient  production 
scheme  should  he  steeper  than  that  of  the  efficient.  To 
accomplish  this,  we  teed  to  explore  further  what  ss  meant  by 
"efficiency."  By  definition,  efficient  production  moans  lowest 
cost  for  anv  given  love,  of  output.  Functionally,  efficient 
production  means  to  choose  that  mix  of  factors  of  production 
(labor  and  capital)  which  minimizes  cost  for  any  given  level  of 
output.  An  efficient  pr  duct  ion  scheme,  then,  would  produce 
the  optimal  progress  curve  and,  as  well,  the  least  cost  for  an? 
output. 
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Within  the  context  of  a  negotiated  procurement  situation, 
where  the  profit  rate  is  governed  by  the  ASPR  guidelines,  cost 
justification  becomes  more  important  than  cost  minimization. 

Also,  as  shown  by  Table  F,  the  ASPR  guidelines  are  heavily 
weighted  in  favor  of  extensive  use  of  labor- -especially  engi¬ 
neering  labor.  One  consequence  of  the  guidelines  is  that  ? 
potential  supplier  with  a  large  complement  of  research-and- 
development  (R$D)  personnel  (a  very  important  aspect  in  winning 
a  design  competition)  will  attempt  to  retain  these  inputs  as 
part  of  his  production  costs.  Another  consequence  is  that  he 
will  substitute  production  labor  for  capital.  Both  these  acts, 
the  loading  of  R§D  personnel  onto  his  production  scheme  and 
the  substitution  of  production  labor  for  capital,  will  be  to 
the  economic  advantage  of  the  supplier;  and  he  will  engage  in 
them  up  to  the  limit  to  which  he  is  able  to  justify  his  costs 
and  not  jeopardize  his  chances  of  winning  a  contract. 

But  such  a  procedure  is  a  distortion  of  the  mix  of  factors 
of  production  away  from  the  optimal  specified  above  (Subsection  1), 
and  this  distortion  will  produce  higher  unit  costs  for  all  levels 
of  output.  Moreover,  the  substitution  of  labor  for -capital 
(while  being  more  expensive)  will  produce  a  higher  rate  of 
learning  than  take*  place  in.  the  efficient  production  scheme, 
following  from  the  fact  that  the  learning  process  associates 
more  d  i  rev 1 1  v  w  it  h  X abo  r  t Han  with  c  ap  i  fa  1 .  The  e orab  i  rui  t  i  on 
of  higher  unit  costs  and  a  higher  rate  of  learning  will  produce 
■  «  progress  curve  in  the  inefficient  •»ro«.act  ion  scheme  with  a 
larger  intercept  value  and  a  steeper  slope  than  the  progress 
curve  for  the  efficient  scheme, 

4 .  Observed  fr  1  ee-QuentUy  Curves 

In  all  cases  where  the  ,-ectmd  and  subsequent  procurements 
are  made  under  competitive  conditions,  the  fixed-price  contract 
does  not  permit  direct  observation  oi  a  cost -quantity  reial ion- 
ship.  h'hat  is  observed  at  the  first  and  subsequent  competitive 
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procurements  is  the  quantity  purchased  and  the  purchase  price. 

If  the  price  specified  in  the  winning  bid  was  jusv  that  price 
which  covers  cost  (incl-iding  an  ordinary  return)  ,  given  the 
number  of  units  bought,  then  the  curve  empirically  estimated 
from  the  data  would  be  the  legitimate  cost-quantity  relationship; 
however,  there  is  theoretical  evidence  to  show  that  the  estimated 
curve  may  deviate  from  this 

In  Figure  F-7  (below)  ,  let  L  represent  the  true  optimal 
pi  ogress  curve  and  and  the  quantities  of  ‘he  first  and 
second  competitive  procurements- -a  sole-source  procurement  of 
a  given  size  has  already  preceded  these.  The  successful  bidder 
in  the  first  competitive  procurement  wins  the  competition  by 
bidding  a  price  P^,  which  just  covers  his  cost  of  producing 
the  cumulative  output  Qr  Following  this,  let  there  be  a 
subsequent  competitive  procurement  of  size  Q, ,  also  won  by  the 
supplier  of  If  the  second  bid  is  based  solely  on  cost, 

a  price  P,  would  prevail.  These  two  procurements,  then,  would 
produce  observations  of  the  two  ordered  pairs  (Pj,  Q1 )  and 

^2*'  *rom  which  we  could,  by  adjusting  our  quantity  data 
to  the  midpoints  of  the  two  procurements  (points  a  and  b  in 
Figure  F-?),  estimate  the  line  L.  the  t?ue  cost  or  progress 
curve . 

However,  by  assumption,  the  winner  of  the  first  competitive 
procurement  is  the  most  efficient  producer  and  he  need  not  bid 
a  price  as  low  ar>  P>  to  win  the  second  competitive  procurement; 
any  price  iess  than  will  be  sufficient  to  win.  Consider 
that  he  bids  a  price  *  i\.  t  we  will  observe  empirically 

in  this  case  are  the  ordered  pairs  vPp  Q})  and  (PM,  CM,  and 
our  estimated  relationship  will  now  be  fit  to  the  points  a  and 
b*  (shown  as  l*  in  Figure  ?-?).  The  curve  l*  has  a  lower 
intercept  and  less  steep  slope  than  the  curve  L. 

A  further  possibility,  which  would  produce  an  even  flatter 
curve  than  the  observed  curve  L#,  would  be  the  case  where  one 
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Figure  F-? .  PRICE-QUANTITY  VERSUS  COST-QUANTITY 

supplier  wanted  to  win  the  first  competition  badly  enough  to 
bid  below  his  cost  on  the  first  procurement.  Such  an  action 
would  make  our  first  observed  value  some  number  a'  <  a,  which, 
combined  with  b'  ,  would  oroduce  a  curve  with  a  lower  intercept- 
value  and  flatter  slope  than  for  L*.  Bidding  below  cost  on  the 
first  procurement  is  not  necessarily  irrational  behavior  as  a 
market  strategy.  The  cost  advantage  the  initial  supplier  has 
over  all  others  an  the  second  and  subsequent  procurements,  and 
the  potential  for  excess  profits,  makes  winning  the  first  com¬ 
petition  very  important.  b>  is,  however,  confronted  by  the 
uncertain  event  of  there  ever  being  subsequent  procurements. 
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SOURCES  CONTACTED  FOR  COMPETITIVE  DATA  BASE 

Early  in  the  study  it  was  decided  that  the  analysis  of  the 
effect  of  competition  on  the  acquisition  prices  of  equipment 
would  be  based  on  the  procurement  histories  of  items  that  the 
services  had  purchased  under  both  sole-source  and  competitive 
type  contracts.  It  was  expected  that  there  would  not  be  too 
much  difficulty  in  obtaining  a  comprehensive  list  of  equipment 
with  such  procurement  histories  and  that  the  main  problem  would 
be  in  obtaining  the  year-by-year  :ost -quantity  data.  The  expec¬ 
tation  was  correct  in  that  the  detailed  procurement  histories  of 
candidate  items  were  not  easily  obtained,  but  the  surprise  was 
that  there  did  not  seem  to  be  any  way  to  develop  a  comprehensive 
list  that  showed  all  the  equipment  that  had  been  procured  under 
both  sole- source  and  competitive  contracts. 

An  early  lead  that  premised  to  provide  a  comprehensive 
list  of  th©  desired  procur  ner.ts  was  the  file  of  data  from  the 
Individual  ?  resume  went  A  a  Hon  Seport  { DO  Form  350),  which-  is 
made  out  by  the  contracting  officers  of  all  services  for  ail 
procurements  of  over  $10,000  value,  loose  data  are  kept  rn  a 
computer  file  in  the  Pentagon  and  include  information  oh  the 
extent  of  competition  in  the  contracts.  Unfortunately,  the  file 
could  not  be  searched  for  procurements  of  specific  equipments; 
it  w.*s$  possible  to- -and  we  did  -  -determine  the  roi e-  source  and 
competitive  procurements  by  year  for  Federal  Stock  Ciasses  iFCS) 
within  a  Weapon  System  Code,  hov  there  was  no  way  to  identity 
the  specific  items  within  the  FCS, 
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Another  source  that  seemed  promising  was  the  automated 
Procurement  Record  Histories  of  the  Army  and  the  Air  Force. 

The  individual  commodity  commands  of  the  Army  and  the  Air 
Material  Areas  (AMA)  of  the  Air  Force  Logistics  Command  (AFLC) 
record  a  great  deal  of  data  in  a  computer  file  about  each  pro* 
curement  contract  they  make.  Among  other  things,  these  files 
identify  items  by  name  and  Federal  Stock  Number  (FSN)  and  give 
the  date,  number  of  items,  unit  price,  and  type  of  negotiation 
for  each  contract.  If  the  files  were  complete,  they  would  be 
capable  of  providing  exactly  the  data  required.  Before  request 
ing  this  information  from  the  Army  and  the  Air  Force,  however, 
a  check  was  made  at  two  of  the  AMAs  and  the  Army  Electronics 
Command  to  see  if  the  information  in  the  files  was  really  ade¬ 
quate.  It  was  not.  The  Procurement  Record  History  file  data 
was  characterized  by  internal  inconsistency  and  incompleteness. 
Many  known  procurements  were  simply  not  entered  into  the  file. 
At  any  event.,  the  data  in  them  did  not.  seem  to  be  worth  the 
considerable  effort  that  would  be  required  in  having  the  AMAs 
ar.d  the  Army  commodity  commands  prepare  the  special  programs 
necessary  to  search  the  files  for  our  needs. 

After  determining  that  there  was  no  mechanical  way  to 
develop  a  truly  comprehensive  list  of  procurements  meeting  the 
desired  criteria,  u  was  decided  to  solicit  the  information 
from  as  many  potential  sources  as  could  be  determined.  The  ran 
dom  nature  of  the  sample  was  preserved  by  asking  the  personnel 
contacted  for  the  names  of  all  equipment  they  knew  of  that  had 
been  procured  under  both  sole-source  and  competitive  contracts. 
In  general,  the  effort  involved  (1)  following  up  leads  found 
from  tne  literature  search  and  (2)  personally  contacting  pro¬ 
curement  and  project  offices  in  the  commands  of  the  three 
services.  In  addition  to  asking  the  individuals  in  these 
offices  for  the  names  of  items  of  equipment,  they  were  also 
asked  if  they  knew  of  other  possible  sources  of  the  data  wc 
needed;  and  then  these  leads  were  followed. 


After  obtaining  the  name  of  an  item  that  had  the  desired 
contractual  history,  it  was  necessary  tu  find  the  specific  year- 
by-year  details  essential  for  the  progress-curve  analysis.  For 
onlv  a  minority  of  the  candidate  items  found  was  it  possible  to 
obtain  usable  data.  The  information  either  was  not  available 
or  was  incomplete,  or  engineering  changes  had  distorted  the 
price  data  too  much  for  it  to  be  used.  An  example  of  this  prob¬ 
lem  is  the  M-113  Armored  Personnel  Carrier,  which  was  cited  as 
a  good  candidate  system  since  there  had  been  23  separate  pro¬ 
curements  of  the  vehicle  over  a  12-year  period  by  both  sole- 
source  and  competitive  contracts.  Further  investigation,  how¬ 
ever,  revealed  that  most  of  the  records  were  in  dead  storage 
and  that  there  had  been  almost  continuous  mcjor  engineering 
changes  over  the  life  of  the  equipment.  The  track  system  had 
been  greatly  altered,  the  engine  had  changed  from  gas  to  diesel, 
the  transmission  which  had  been  contractor- furnished  equipment 
(CFE)  during  the  early  years  of  vhe  procurement  had  later  be¬ 
come  government -furnished  equipment  (GFE) ,  and  there  were  many 
other  changes- -all  of  which  impacted  directly  on  the  unit  price 
of  th©  vehicle.  To  have  .attained  all  the  necessary  records  and 
then  to  have  calculated  the  -.fifect  on  costs  of  the  engineering 
changes  so  that  the  influence  of  competition  on  the  unit  price 
could  be  estimated  would  have  been  a  major  study  in  itself. 

In  Appendix  H,  there  are  summaries  of  the  data  that  were 
collected  on  all  the  equipment  that  ware  used  in  developing 
the  estimating  relationship  for  the  effect  of  competition. 
Summaries  of  the  cost  histui les  for  some  of  the  equipment  tnat 
was  not  used  in  the  analysis  are  also  included,  for  general 
information. 

Inasmuch  as  no  mechanical  way  was  discovered  to  develop  a 
list  of  equipment  meeting  our  criteria,  and  since  the  actual 
list  finally  used  is  small,  it  seems  appropriate  to  List  the 
agencies  contacted  in  the  data  search.  Many  of  these  agencies 
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were  visited  and  a  number  of  individuals  in  several  offices  were 
contacted;  others  were  limited  to  telephone  discussions.  In  all 
cases,  however,  the  persons  in  the  agencies  were  asked  whether 
they  knew  of  any  mechanical  way  to  generate  the  list  we  desired 
and  if  they  would  tell  us  the  names  of  any  specific  equipment 
that  they  thought  might  meet  our  criteria.  The  principal  agen¬ 
cies  contacted  are  listed  below: 

Defense  Contract  Audit  Agency 
Office  of  the  Secretary  of  Defense 

-  DDPA§E  Cost  Analysis  Division 

••  ASD  (Comptroller),  DAS  (Systems  Policy  and  Information) 

-  ASD(I§L),  DAS  (Procurement) 

U.S.  Army  Hq.,  Director  of  Materiel  Acquisition 
U.S.A,  Aviations  Systems  Command 

-  Procurement  Division 

-  Comptroller,  Cost  Analysis  Division 
U.S.A.  Mobility  Equipment  Command 

-  Production  and  Procurement  Directorate 

-  Comptroller,  Cost  Analysis  Division 

U.S.A.  Tank-Automotive  Command,  Production  and  Procurement 
Directorate 

U.S.A.  Weapons  Command,  Production  and  Procurement 
Directorate 

U.S.A.  Missile  Command 

-  Production  and  Procurement  Directorate 

-  Comptroller,  Contract  Cost  Division 
U.S.A.  Electronics  Command 

-  Comptroller,  Cost  Analysis  Division  (Ft.  Monmouth) 

-  Production  and  Procurement  Directorate  (Philadelphia) 
U.S.A.  Materiel  Command 

-  Production  and  Procurement  Directorate 

-  Comptroller,  Cost  Analysis  Division 

-  Spare  Parts  F’rogram  Manager 
U.S.A.  Logistics  Management  Center 

-  Defense  Logistics  Study  Group 

-  School  of  Acquisition  Management 
Hq.  U.S.  Navy 

-  Comptroller 

-  Director  of  fludget  and  Reports 

-  Assistant  for  Cost  review  and  Analysis 

-  Management  Information  Office 

-  Program  Planning  Office,  Systems  Analysis  Division 
U.S.N.  Material  Comma  %  DCNM  Procurement  and  Production 


U.S.N.  Air  Systems  Command 

-  Project  Manager  Offices  for  A6A,  Anti -P.adiat ion 
Missiles  (SHRIKE,  STANDARD  ARM),  SIDEWINDER 

-  Aircraft  Components  Purchase  Division 

-  Weapons  Systems  Purchase  Division 

-  Asst.  Commander  for  Material  Acquisition 

-  Acquisition  Control  and  Resources  Division 

-  Air-Launched  Missiles  Branch 

-  Air-to-Air  Guided  Missile  Branch 

-  Air-to-Surface  Guided  Missile  Branch 
U.S.N.  Ordnance  Systems  Command 

-  Torpedo  MK-48  Weapon  System  Project  Office 

-  Surface  Missile  Systems  Project  Office 

U.S.N.  Ship  Systems  Command,  Naval  Ship  Engineering  Center 
Hq.  U.S.  Air  Force 

-  Comptroller 

-  Directorate  of  Data  Automation 

-  Directorate  of  Management  Analysis 

-  Directorate  of  Procurement  Policy 
Hq.  Air  Force  Systems  Command 

-  Cost  Estimating  and  Analysis  Division 

-  Cost  Information  and  Management  Support  Division 

-  Director  of  Procurement 

AFSC ,  Aeronautical  Systems  Division 

*  Director  of  Procurement  and  Production 

-  Comptroller ,  Cost  Analysis  Division 

-  Deputy  for  Reconnaissance  and  Electronic  Warfare 

-  Deputy  for  Systems  Management 

-  Deputy  for  Subsystems  Management 

AFSC,  Electronics  Systems  Division,  Cost  Analysis  Branch 
Hq.  Air  Force  Logistics  Command 

-  Director  of  Procurement 

-  Sacramento  Air  Material  Area 

-  Ogden  Air  Material  Area 

-  Warner  Robbins  Air  Material  Area 

Space  and  Missile  Organisation,  Cost  Analysis  Division 
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Appendix  H 


DETAILS  OF  THE  DATA  COLLECTED  FOR 
THt  ANALYSIS  OF  THE  EFFECT  OF  COMPETITION  ON  PRICE 


A.  GENERAL 

In  order  to  make  a  quantitative  evaluation  of  the  effect 
of  competition  on  price,  it  was  necessary  to  obtain  data  that 
could  oe  normalized  to  isolate  the  effect  of  competition  on 
price  changes  from  the  many  other  fetors  that  affect  them. 

The  kind  of  data  that  seemed  most  likely  to  permit  this  was 
procurement  histories  of  items  that  had  been  purchased  under 
both  sole- source  and  competitive  contracts.  The  progress 
curves  from  a  large  number  of  such  histories  might  reveal 
discontinuities  at  the  points  where  competition  was  introduced 
that  would  permit  quantitative  analysis  of  the  effect  of 
competition,  .f,  indeed,  there  was  any  pattern  on  how  competi¬ 
tion  affected  prices.  Naturally,  due  consideration  would  have 
to  be  given  to  other  factors  that  impacted  on  the  prices,  such 
as  urgency  of  the  requirement,  engineering  changes,  time  breaks 
in  production,  etc. 

As  mentioned  in  the  body  cf  the  report,  the  collection  c: 
these  procurement  histories  proved  to  be  more  difsicnlt  tn&n 
anticipated;  for  example,  a  comprehensive  list  of  the  names  of 
items  with  a  unit  value  exceeding  $1,000  which  had  been  procured 
ruder  both  sole-source  and  competitive  contracts  could  not  be 
developed.  It  seems  useful,  therefore,  to  dispUy  in  this 
report  the  data  that  was  cc-l lected- -even  that  data  which  could 
not  be  used  in  the  quantitative  analysis.  In  relation  to  the 
time  and  effort  spent  on  the  collection  effort,  the  actual 


quantity  of  data  obtained  seems  small.  However,  this  is  the 
sort  of  information  that  is  essential  to  a  quantitative  examina¬ 
tion  of  the  effect  of  competition  on  costs,  and  it  should  be 
of  value  both  to  persons  reviewing  the  methodology  used  in  this 
study  and  to  those  doing  subsequent  analysis  in  this  area. 
Therefore,  even  at  the  cost  of  adding  considerably  to  the  bulk 
of  the  report,  the  data  base  is  presented  here  in  considerable 
detail. 

The  information  displayed  here  falls  into  three  categories: 
(1)  that  which  was  used  in  the  quantitative  analysis,  (2)  that 
which  was  dropped  from  the  quantitative  data  base  after  careful 
stuuy,  and  (3)  that  which  was  obviously  not  suitable  for  the 
analysis.  The  data  will  be  discussed  in  the  order  of  those 
three  categories.  Prices  are  tabulated  in  constant  1370  dollar-. 
Escalation  tables  obtained  from  the  Office  of  the  Secretary  of 
Defense  (OSD)  were  used  to  normalize  raw  data.  The  progress 
curves  were  calculated  from  the  quantity  and  normalized  price 
data  by  the  ICLGTS  program  in  the  GE  Time-Sharing  computer,1 

B.  DATA  USED  IN  THE  QUANTITATIVE  ANALYSIS 

Nineteen  items  were  used  in  the  quantitative  analysis  of 
the  effect  tf  competition.  For  each  of  these,  there  were  enough 
data  to  plot  the  sole-source  and  competitive  procurement  data 
separately.  The  procurement  data  are  also  tabulated.  In 
addition  to  the  table  and  the  progress  curve,  a  short  resume 
of  the  production  history  is  given  for  each  item.  A  summary 
of  the  essential  data  on  these  18  items  of  equipment  is 
displayed  in  Tabic  H~0. 


ithe  KLOT$  program  v originally  prepared  by  personnel  of 
the  Defense  Contract  Audit  Agency.  A  complete  description  of 
the  technique  may  be  fouhd  in  DCAAJ4  7640.1  [3j. 


Table-  H-G.  PRINCIPAL  DATA  CN  ITEMS  USED  ?N  QUANT  I  TAT  I VE  ANALYSIS  OF  COMPETITION 


. 


H-3 


1 <  BULLPUP  Missile  Guidance.  Control,  and  Airframe 

The  Guidance,  Control,  and  Airframe  (GC$A)  subsystem  of  the 
BULLPUP,  an  air-to-ground  missile,  was  procured  initially  on  a 
sole-source  basis  from  the  Martin  Corporation,  but  after  one 
multi-year  buy  (in  1961),  it  was  decided  to  switch  to  a  competi¬ 
tive  procurement  method.  The  intent  was  to  qualify  a  second 
vendor  and,  after  a  period,  of  split  buys  from  both  producers 
(to  enable  the  second  source  to  achieve  a  truly  competitive 
posture),  to  have  a  winner-take-all  competition.  In  FY  61,  the 
Maxson  Corporation  won  the  bidding,  to  become  the  second  source; 
and  both  Maxson  and  Martin  produced  BULLPUPs  during  the  period 
FY  61-63.  The  FY-64  winner-take-all  buy  was  won  by  Maxson. 

Table  H-l  shows  the  price-quantity  data  for  each  firm,  and 
Figure  H-l  shows  the  progress  curves  for  the  two  suppliers. 


Table  H-l.  PRICE-QUANTITY  DATA  FOR  THE  SULLPU*  MISSILE  GCJA 


Contractor 

FY 

Type 

Contract 

Quantity 

Unit  Price 
( 1 97f.  $) 

Martin 

68 

Sole-source 

700 

18  000 

59 

Sole-source 

2,315 

9 ,20': 

60 

Sole-source 

3,805 

3,693 

61 

Sole-source 

3,375 

4,969 

61 

Competitive* 

1 ,078 

3,725 

62 

Competitive* 

6,363 

3,24? 

62 

Competitive* 

9,541 

3,121 

63 

Competitive* 

6,355 

2,518 

63 

Competitive* 

2,800 

2,518 

Maxson 

61 

Competitive* 

200 

6,226 

62 

Competitive* 

1  ,000 

3,534 

63 

Competitive* 

3,238 

3,134 

54 

Competitive 

3,580 

1  ,4  74 

1 

*Split  buys* 
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2 .  TALOS  Missile  Guidance  and  Control  Unit 

The  original  award  for  the  guidance  and  control  unit  for 
the  TALOS,  a  Navy  surface-to-surface  missile,  was  won  by  the 
Bendix  Corporation.  In  the  period  FY  58-60,  Bendix  produced 
592  units  undei  sole-source  awards;  however,  the  price  data 
for  these  units  could  not  be  obtained.  During  FY  61-6S,  Bendix 
continued  to  produce  under  sole-source  contracts,  and  the  price 
data  for  these  awards  was  available  and  is  tabulated.  In  FY  66 
the  procurement  method  was  changed  to  competitive;  and  with 
four  companies  bidding,  Bendix  won  the  multi-year  FY  66-68 
procurement,  which  was  the  last  buy  of  this  item.  Table  H-2 
shows  the  price-quantity  data,  and  Figure  H-2  shows  the  single 
progress  curve  (for  Bendix) . 


Table  H-2.  PRICE-QUANTITY  DATA  FOR  THE  TALOS  MISSILE  G&C  UNIT 


lontractor 

FY 

. .. 1 

Type 

Contract 

“1 

Quantity 

r 

Unit  Price 
(1970  t) 

Bendix 

58-60 

Sole-source 

592 

(unknown) 

61 

Sole-source 

178 

218,506 

62 

Sole-source 

407 

166,232 

63 

Sole-source 

240 

179,854 

64 

Sol e- source 

94 

162,822 

65 

Sole-source 

94 

159,263 

66* 

Compet i t i ve 

47Q 

87,636 

*Mu ?  ti -year 

buy. 
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Figure  H-2.  PRICE-QUANTITY  RELATIONSHIP  FOR  THE  TALOS  MISSILE  G&C  UNIT 


3.  TD-660  Multiplexer 

Th*  Raytheon  Corporation  was  the  original  supplier  of  the 
TD-660  Multiplexer,  an  electronic  device  which  converts  voice- 
frequency  signals  in  .several  communications  channels  to  a  time- 
division  multiplex,  pulse-code-modulated  signal.  The  first 
four  buys  of  the  equipment  were  negotiated  (sole-source)  with 
Raytheon,  but  in  FY  69  the  procurement  method  was  made  competi¬ 
tive  and  was  won  by  the  Honeywell  Corporation.  Table  H-3  shows 
the  price-quantity  data,  and  Figure  H-3  shows  the  progress 
curves  for  Raytheon  and  Honeywell. 


Table  H-3.  PRICE-QUANTITY  DATA  FOR  THE  TD-660  MULTIPLEXER 


Contractor 

FY 

Type 

Contract 

Quantity 

Unit  Price 
(1970  $) 

Raytheon 

67 

Sole-source 

400 

22.240 

68 

Sole-source 

350 

11  ,945 

69 

Sole-source 

355 

8,280 

69 

Sole-source 

1  .070 

5,943 

Honeywell 

59 

Competitive 

425 

3,524 

69 

Competitive 

993 

3 » 228 
. . . 
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4.  TD-352  Multiplexer 

Just  as  with  the  TD-660,  the  TD-352  Multiplexer  was  origi¬ 
nally  supplied  by  the  Raytheon  Corporation,  which  furnished  the 
equipment  for  four  successive  buys  under  a  single  sole-source 
contract.  Different  unit  prices  were  negotiated  for  each  buy. 

In  1968,  the  procurement  method  was  changed  to  competitive, 
and  the  Honeywell  Corporation  won  both  this  contract  and  the 
succeeding  one.  Table  H-4  shows  the  price-quantity  data,  and 
Figure  H-4  shows  the  progress  curves  for  Raytheon  and  Honeywell. 

Table  H-4.  PRICE -QUANTITY  DATA  FOR  THE  TD-352  MULTIPLEXER 


Contractor 

r  Y 

Type 

Contract 

- - 

Quantity 

Unit  Price 
(1970  $) 

Raytheon 

65 

Sole-source 

560 

11,901 

66 

Sol  e-source 

61 

9,553 

67 

Sole-source 

675 

10,916 

68 

Sole-source 

8? 

10,269 

Honeywel  1 

68 

Competitive 

2,218 

4,29^ 

69 

Competitive 

140 

4,114 

TD-2Q2  Radio  Comb i n e r 


The  TD-202  Radio  Combiner  is  a  device  used  as  a  radio 
transmission  interface  unit,  which  accepts  outputs  from  multi* 
t lexers  and  processes  them  for  tiansmission.  It  is  also  used 
* "  radio  repeats  stations  and  as  interface  units  at  radio-to- 
cahle  convers ' or  terminals.  The  pattern  of  the  previous  two 
items  is  repeated  *cr  the  TD-202.  The  Raytheon  Corporation 
received  the  first  :  cle- source  contract  in  1965  and  was  the 
only  vendor  until  Honeywell  won  the  competitive  contract  in 
1967.  Although  Honeywell  again  won  the  196$  competition,  170 
units  were  also  purchased  in  that  year  from  Raytheon  under  the 
existing  sole-source  contract.  The  price-quantity  data  are  dis 
played  in  Table  H-5,  and  Figure  W-5  shows  the  progress  curves 
for  Raytheon  and  Honeywell. 


Table  H-5.  FRIGE-QUANTITY  DATA  FOR  THE  TD-202  RADIO  COMBINER 


Contractor 

FY 

Type 

Contract 

.  i.  i  riruuuj  i  .... 

Quant i ty 

Unit  Price 
(1970  $) 

Raytheon 

65 

Sole-source 

280 

8,220 

66 

Sole-source 

422 

5,81? 

6? 

Sole-source 

185 

5*623  ; 

&a 

Sole-source 

1?0 

1,366  | 

Honeywell 

68 

Competitive 

2,185 

1 ,?41  j 

68 

_ 450 

1,135 

K-12 
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6.  TD-204  Cable  Combiner 

The  TD-204  Cable  Combiner  is  an  interface  device  used 
between  a  multiplexer  and  a  coaxial  cable  in  a  cable  communica¬ 
tion  link.  It  processes  signals  to  convert  them  to  a  form 
acceptable  for  cable  transmission  and  demultiplexing.  It  is 
also  used  as  a  repeater  and  as  an  interface  unit  in  radio-to- 
cable  conversion  stations.  The  TD-204  is  the  last  of  the  items 
with  the  Raytheon -Honeywell  pattern.  Raytheon  received  the 
initial  sole-source  contract  in  1965  (renegotiated  in  FY  67) 
and  was  the  only  vendor  for  negotiated  prices  under  that  con¬ 
tract  anti1  196S.  At  t.nis  time  the  procurement  was  made  com¬ 
petitive,  end  Honeywell  won  the  sub  s.? -client  two  contracts. 

Table  H-6  shows  the  price-quantity  data,  and  Figure  H-6  shews 
the  Raytheon  and  Honeywell  progress  curves. 

Table  H-6.  PRICE-QUANTITY  DATA  FOR  THE  TD-204  CABLE  COMBINER 


Contractor 

FY 

Type 

Contract 

Quantity 

Unit  Price 
(197  0  $) 

Raytheon 

67 

Sol  e-source 

760 

7,726 

67 

Sol e- source 

255 

6.696 

67 

Sol  e-sou  sca 

633 

5,793 

68 

Sol a-source 

484 

5,506 

68 

Sole-source 

555 

3,755 

Honeywal  1 

68 

Competitive 

8,943 

1,877 

69 

Compet it 

US 

1,763  | 
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7.  HAWK  Missile  Motor  Metal  Parts 


The  HAVJK  is  a  ground-to-air  missile  weapon  system  produced 
by  Raytheon.  After  the  first  three  years  of  production,,  the 
HAWK  motor  metal  parts  were  bought  by  the  Army  Missile  Command 
(MICOM)  as  Government  Furnished  Equipment  (GFE) .  Aerojet 
General  Corporation  was  the  contractor  for  the  HAWK  motor 
metal  parts  for  the  first  six  years  of  production,  both  as  a 
subcontractor  to  Raytheon  and  as  a  prime  to  MICOM.  In  the 
period  FY  62-63,  MICOM  decided  to  introduce  competition;  and 
the  subsequent  three  competitive  contracts  were  won  by  the 
Intercontinental  Manufacturing  Company.  Table  K-7  shows  the 
price-quantity  data,  and  Figure  H-7  shows  the  progress  curves 
for  Raytheon  and  Intercontinental . 


Table  H-7.  PRICE-QUANTITY  DATA  FOR  THE  HAWK  MISSILE  KOTOR 
METAL  TARTS 


- 1 

Contractor 

FY 

Type 

Contract 

• 

Quantity 

Unit  Price 
(1970  $) 

Aerojet  General 

Intercontinental 

57 

58 

59 

60-61 

62 

63 

64 

Lii__ 

Sole-source 

Sole-source 

Sole-source 

Sole-source 

Sole-source 

Competitive 

Competitive 

Competitive 

200 

256 

1 ,366 

4,300 

2,006 

2,346 

1  ,545 

?,2?9 

- , - 

(unknown) 

3,593 

3,018 

1 ,622 

1  ,186 

I  1,014 

814 

795 

H-16 
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8.  APX-72  Airborne  Transponder 

The  APX-72  transmits  identification  codes  when  interrogated 
by  friendly  Tadars.  It  was  originally  produe&d  under  a  sole^ 
source  contract  with  the  Bendix  Corporation.  After  the  first 
production,  it  was  decided  to  make  the  procurement  competitive; 
but  additional  units  were  required  before  all  the  documentation 
needed  for  competition  was  ready,  and  a  second  sole-source 
contract  was  given  to  Bendix.  The  multi-year  competitive  con¬ 
tract  in  FY  70  was  won  by  the  Honeywell  Corporation,  and  all 
the  subsequent  production  was  under  that  contract.  There  are 
two  models  of  the  APX-72  (the  RT859  and  the  RT859A) ,  anti  it  is 
virtually  impossible  to  determine  whether  the  learning  from  the 
RT859  should  be  carried  over  altogether  to  the  RT859A  production 
or  whether  the  two  models  should  be  treated  separately.  The 
price -quantity  data  for  both  models  are  shown  in  Table  Hr#,  and 
the  progress  curves  for  Bendix  and  Honeywell  are  shown  in 
Figure  H  8.  The  curves  are  shown  for  only  the  RT859  production. 

Table  H-8.  PRICE-QUANTITY  DATA  FOR  THE  Ai X-7fc 
AIRBORNE  TRANSPONDER 


Model 

Contractor 

’  ■■■  1,1 

FY 

Type 

Contract 

Quantity 

Unit  Price 
(1970  $1 

RT85  9 

Bendix 

7P 

Sole-source 

10.887 

4,150 

RT859 

71 

Sol  e-source 

2,363 

2,636 

RT859A 

71 

Scle-source 

1  ,150 

2,580 

RT85? 

Honeywel 1 

70 

Competitive 

3,373 

1  ,653 

RT859 

71 

Competitive 

1  ,687 

1  ,553 

RT859 

71 

Competitive 

1  ,500 

1  ,511 

RT859A 

71 

Competitive 

3,798 

1  ,790 

RTB59A 

72 

Competitive 

2,302 

1  ,418 

RT859A 

t  c 

Competitive 

469 

1,396 
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9 .  MK-48  Torpedo  Components 

Four  major  components  of  the  MK-48  Torpedo  (the  Warhead, 
the  Exploder,  the  Electric  Assembly,  and  the  Test  Set)  were 
first  produced  by  the  Delco  Corporation  under  sole-source 
contracts  and  later  by  the  Goodyear  Aerospace  Company  when  the 
procurement  was  made  competitive.  The  price -qvantity  data  are 
shewn  in  Tcble  H-9,  and  the  progress  curves,  or  points,  are 
shown  in  Figure  H-9,  Since  the  methodology  for  the  quantita¬ 
tive  analysis  of  the  effect  of  competition  requires  a  sole- source 
progiess  curve,  only  the  data  on  the  Warhead  and  the  Electric 
Assembly  could  be  used,  there  being  only  one  sole-source  data 
point  each  for  the  Exploder  and  the  Test  Set. 

Table  H-9.  PRICE-QUANTITY  DATA  FOR  THE  MK-48  TORPEDO  COMPONENTS 


Component  -  Contractor 

FY 

Type 

Contract 

Quanti ty 

Unit  Price! 
(1970  $) 

Warhead  -  Oeico 

70 

Sol  e-sourv. 

48 

15,500 

71 

Sole-source 

47 

19,391 

72 

Sole-source 

457 

11 .019 

Warhead  -  Goodyear 
Aerospace 

73 

Competitive 

480 

5,087 

Exploder  -  Delco 

70 

So' e-source 

58 

25,800 

Exploder  -  Goodyear 
Aerospace 

72 

Competitive 

480 

5,165 

73 

Competitive 

492 

5,043 

Electric  Assembly  - 
Delco 

71 

Sole-source 

29,053 

72 

Sole-source 

546 

13,358 

Electric  Assembly  * 
Goodyear  Aerospace 

73 

Competitive 

417 

6,027 

Test  Set  -  Delco 

70 

Sole-source 

4 

69.525  1 

Test  Set  -  Goodyear 
Aerospace 

72 

Competitive 

34 

14  ,717 

73 

Competitive 

6 

17,537 
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1 0 .  Aerno  60-6402  Electronic  Control  Amplifier 

The  Aerno  6C-6402  was  the  first  produced  under  a  sole- 
source  contract  awarded  to  the  General  Electric  Corporation 
in  1966.  GE  won  four  procurements  of  the  item  by  sole-source 
negotiation  until  1969,  when  the  procurement  method  was  made 
competitive  and  was  won  by  the  Lear-Siegler  Corporation.  The 
price -quantity  data  are  shewn  in  Table  H- 10 #  and  the  progress 
curves  for  both  GE  and  Lear-Siegler  are  shown  in  figure  H-10. 


Table  H-10. 


PRICE-QUANTITY  DATA  FOR  THE  AERNO  60-6*0? 
ELECTRONIC  CONTROL  AMPLIFIER 


Contractor 

FY 

Type 

Contract 

— 

Quan  tity 

Unit  Price 
(1970  $) 

General  Electric 

*56 

r  -  -i 

Sole-seurce 

70 

8,988 

67 

Sole-s-  u*\s 

194 

7,184 

66 

Sole  -source 

24S 

7*410 

66 

Sole- source 

22 

6,92? 

tear~$iegler 

69 

Competitive 

39 

3,030 

71 

Competitive 

80 

3,314 

72 

Competitive 

12 

3,314 

p .  Tt  n 


-10.  PRICE-QUANTITY  RE t AT  IP  FOR  THE  AERNO  60  6402  ELECTRONIC  CONTROL 

AMPLIFIER 


11*  SPA-25  Radar  Indicator  j 

I 

The  SPA- 2 5  Radar  Indicator  was  produced  by  the  Motorola  I 

Company  under  sole-source  contracts  during  the  period  1964-69.  j 

The  procurement  method  was  made  competitive  in  1970  and  was  j 

won  by  the  Litton  Precision-Clifton  Company.  There  is  strong  | 

evidence  that  the  first  unit  price  charged  by  Motorola  was 
unrealistically  low  and  did  not  cover  the  costs  of  production;  t 

and  for  this  reason  the  price  was  not  used  in  the  quantitative  I 

analysis  of  the  effects  of  competition,  although  the  first  j 

production  quantity  was  considered.  The  first  Litton  unit  1 

price  seems  very  low  also,  and  their  subsequent  prices  are  ] 

much  higher.  The  price-quantity  data  are  shown  in  Table  H*U,  ? 

and  the  progress  curves  are  shown  in  Figure  H-ll.  I 


Table  H-ll.  PRICE-QUANTITY  DATA  FOR  THE  SPA-25  RADAR  INDICATOR 


Contractor 

mtmmmvm mi,  am 

FY 

Type 

Contract 

Quantity 

Unit  Price 
(1970  $} 

i 

Motorola 

64 

sole-source 

819 

6,320 

67 

Sole- source 

555 

10,841 

i 

t 

6a 

Sole-source 

97 

10,679 

Litton  Precision- 

69 

Sole-source 

-  k/ 

8,771 

Clifton 

70 

Cosset  4 t i *e 

223 

6,819  ; 

n 

Competitive 

40 

8,830  1 

n 

Competi tive 

1?  !  6,704 
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12.  S HI LLELAGH  Missile 

The  Army  SHILLELAGH  gun-launched  tactical  missile  was 
first  developed  and  produced  by  the  Philco-Ford  Corporation 
under  sole-source  negotiation.  It  was  then  decided  to  qualify 
a  second  source  for  the  missile  and  to  divide  subsequent  pro¬ 
curement  between  the  two  sources  according  to  a  modified  compe¬ 
tition:  Each  vendor  would  get  some  of  the  buy,  but  the  split 
would  be  determined  by  the  prices  bid.  The  Martin-Marietta 
Company  won  the  competition  to  become  the  second  source,  and 
from  the  end  of  1966  through  1969  both  Philco  and  Martin  pro¬ 
duced  'he  SHILLELAGH.  The  price-quantity  deta  are  shown  in 
Table  H-12 ,  and  the  progress  curves  for  Philco  and  Martin  are 
shown  in  Figure  H-12. 

Table  H-12.  PRI CE-QUANTITY  DATA  FOR  THE  SHILLELAGH  MISSILE 


Contractor 

FY 

Type 

Contract 

. 

Quant  1 ty 

Unit  Price 
(1970  %) 

Ph  1  leo-Ford 

66 

Sole-source 

1  ,393 

14,141 

6  7 

Sole-source 

16,552 

4,484 

68 

Competi ti ve 

21 ,8*6 

2,673 

69 

Competitive 

35  ,903 

2,015 

Martin-Marietta 

67 

Competltl ve 

4,960 

3,041 

69 

. . -i 

Competitive 

7,640 

2,385 

} 

Split  buys. 
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13.  ROCKEYE  Bomb 


During  the  period  1967  through  1970,  the  Honeywell  Corpora¬ 
tion  produced  the  ROCKEYE  bomb  under  sole -source  negotiated  con¬ 
tracts.  In  1971,  it  was  decided  to  introduce  a  second  source 
for  the  ROCKEYE  bomb,  and  the  Marquardt  Corporat'on  was  selected. 
Subsequent  production  was  divided  between  the  two  companies  on 
the  basis  of  their  bids.  Table  H-13  shows  the  price-quantity 
data,  and  Figure  H-13  shows  the  progress  curves  for  both  companies. 


Table  H-i3.  PRICE-QUANTITY  DATA  FOR  THE  ROCKEYE  BOMB 


f 

Contractor 

FY 

— 

Type 

Contract 

Quanti  ty 

Unit  Price 
(1970  $) 

Honeywel 1 

67 

Sole-source 

S  35 

8,021 

68 

Sole-source 

4,270 

4,470 

69 

Sole-source 

7,150 

3,121 

70 

Sole-source 

18,100 

2,344 

70 

Sole-source 

5,800 

2,309 

72 

if 

Competi ti ve 

18,058 

1 ,882 

72 

* 

Competi ti ve 

9,029 

1 .738 

72 

Cornpeti  ti  ve 

13,431 

1  ,769 

i 

72 

Competi ti ve 

4,000 

1 ,602 

i 

73 

Competitive 

2,500 

1 ,540 

73 

Competi ti ve 

28,098 

1,540 

Marquardt 

72 

Competi ti ve 

5,000 

1 ,641 

72 

Competi ti ve 

2,500 

1 ,606 

72 

Competi ti ve 

4,500 

1  .606 

73 

Competi ti ve 

3,500 

1  ,734 

*Sp!1t  buys 

* 
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14.  TOW  Hlssjle 

The  TOW  antitank  missile  was  developed  by  the  Hughes  Air¬ 
craft  Company,  which  was  also  given  the  first  sole-source  pro¬ 
duction  contract  in  FY  68.  The  Army  Missile  Command  (MI COM) 
then  decided  to  introduce  a  second  producer  and  selected  the 
Chrysler  Corporation.  The  contract  with  Chrysler  provided  for 
an  ’’educational"  buy  and  option  buys  to  bring  Chrysler  to  a 
fully  competitive  position  with  Hughes,  after  which  there  would 
be  a  winner-take-all  competition  for  the  final  multi-year  buy. 
From  FY  69  through  FY  71,  the  TOW  was  produced  by  both  Hughes 
and  Chrysler,  and  in  November  1971  Hughes  won  the  buy-out  com¬ 
petition,  The  price-quantity  data  are  shown  in  Table  H-14,  and 
the  progress  curves  for  both  Hughes  and  Chrysler  are  shown  in 
Figure  H-14. 


Table  H-14.  PRICE-QUANTITY  DATA  FOR  THE  TOW  MISSILE 


H-SO 


i  i  i  i  W  > ,  1 1 


1 5 .  USM-181  Telephone  Test  Set 

16 .  F5C=20  Teletype  Set 

1 7 •  MD~ 522  Modulator-Demodulator 
18.  CV-1548  Signal  Converter 

The  procurement-history  data  on  the  four  items  listed  above 
were  all  obtained  by  correspondence  with  the  U.S.  Array  Electronics 
Command  (ECOM)  and  were  for  the  most  part  limited  to  the  informa¬ 
tion  in  the  ECOM  computerized  Procurement  History  Data  File. 

These  data  are  shown  in  Tables  H-15  through  H-18.  For  each  of 
these  items,  there  were  data  on  only  one  competitive  buy  after  a 
number  of  sole-source  procurements.  Figures  H-iS  through  H-18 
show  the  progress  curves  for  the  sole-source  procurements  and  the 
points  for  the  competitive  buys. 

Table  H-15.  PRICE-QUANTITY  DATA  FOR  THE  USM-181  TELEPHONE  TEST 
SET 


Contractor 

FY 

Type 

Contract 

Quanti ty 

Unit  Price 
(1970  $) 

Hewlett-Packard 

67 

Sole-source 

17 

2,035 

69 

Sole-source 

33 

1  ,303 

• 

69 

Sole-source 

8 

1 ,318 

70 

Sole-source 

278 

1  ,290 

72 

Sole-source 

506 

734 

NLS  Company 

i _ _  ..  _ ....  ... 

72 

Competl tl ve 

357 

422 

Advertised,  but  only  one  bidder. 
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Table  H-16.  PRICE-QUANTITY  DATA  FOR  THE  FGC-20  TELETYPE  SET 


Contractor 

FY 

Type 

Contract 

Quantity 

Unit  Price 
(1970  $) 

Kleinschmidt  Company 

67 

Sole-source 

169 

2,338 

67 

Sole-source 

690 

1 .976 

67 

Sole-source 

819 

1  ,985 

69 

Sol  a- source 

26 

2 , 1 C9 

Futuronics  Inc. 

70 

Competitive 

276 

1 ,308 
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Table  H-l 7.  PRICE-QUANTITY  DATA  FOR  THE  MD-522  MODULATOR- 
DEMODULATOR 
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Table  H-18.  PRICE-QUANTITY  DATA  FOR  THE  CV-1548  CONVERTER 


Contractor 

FY 

Type 

Contract 

Quantity 

Unit  Price 
(1970  $) 

Raytheon  Corp. 

65 

Sole-source 

560 

7,692 

65 

Sole-source 

400 

7,691 

65 

Sole-source 

69 

4,833 

65 

Sole-source 

288 

6,210 

65 

Sole-source 

408 

5,967 

65 

Sole-source 

400 

6,051 

69 

Sole-source 

00 

PO 

o 

3,702 

8owmar/AtI  Company 

69 

Competi ti ve 

7,638 

1  ,503 

C.  DATA  DROPPED  FROM  THE  QUANTITATIVE  ANALYSIS 


There  were  four  systems  for  which  the  price-quantity  data 
initially  seemed  well  suited  for  the  type  of  quantitative 
analysis  being  done  but  which  ultimately  had  to  be  dropped  from 
the  sample.  These  four  were  the  SHRIKE  Guidance  and  Control 
Unit,  the  M-14  Rifle,  the  WRC-1  Receiver -Transmit ter,  and  the 
SIDEWINDER  Guidance  and  Control  Unit  and  Rolleron  Assembly. 

Each  of  these  four  will  be  discussed  in  turn. 

1 .  SHRIKE  Guidance  and  Control  Unit 

The  SHRIKE  is  an  air-to-ground  missile  designed  to  home  in 
on  ar.d  destroy  enemy  radars.  It  is  used  by  both  the  Air  Force 
and  the  Navy,  but  the  latter  is  the  joint  procuring  agency.  The 
Navy  did  the  basic  development  of  the  SHRIKE,  and  in  1S62  Texas 
Instruments  (TI),  Incorporated,  won  a  competition  to  improve  snd 
complete  the  design  and  development  of  the  guidance  and  cratrol 
unit  for  the  missile. 

TI  was  paid  $5,078,92S  for  this  design  and  development 
work,  and  in  FY  64  was  paid  $1,925,658  for  additional  R§D  test 
models.  The  initial  procurement  plan  for  the  SHRIKE  6§C  unit 
was  approved  in  January  1963  and  called  for  negotiated  contracts 
with  TI.  In  the  Spring  of  1964,  the  Navy  decided  to  introduce 
competitive  procurement  for  the  66C  unit  anJ  devised  a  plan  tint 
called  for  a  small  part  of  the  FY-65  requires;  nt  and  most  of  the 
PY-66  requirement  to  be  procured  competitively.  The  contract 
negotiated  with  TI  for  the  FY-6S  production  included  options  for 
FY*  66  that  would  be  exercised  in  the  that  the  winner  o? 

the  competitive  award  failed  to  produce  an  acceptable  missile. 

The  effect  of  competition  is  indicated  by  fact  that  the 
unit  price  of  the  winning  bid  by  Sperry  Farragut  was  $4,??Q,  al¬ 
though  the  negotiated  unit  price  for  the  immediately  preceding 
production  by  TI  was  $19,924.  Although  the  influence  of  com¬ 
petition  in  reducing  the  unit  price  in  this  case  seems  manifest. 
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the  actual  price-quantity  data  for  the  SHRIKE  G§C  ur.it  could 
xot  be  used  in  calculating  the  formula  for  the  ef'Sct  of  com¬ 
petition,  because  the  competitive  prices  were  in  too  many  cases 
negotiated  upward- -due  to  nodal  changes.  Thus,  Sperry  won  the 
initial  competition  with  a  unit-price  bid  of  $4,770  and  actually 
produced  118  units  at  this  price,  but  the  bulk  of  the  units  pro¬ 
duced  under  this  first  FY-65  contract  (1,833  units)  was  at  a 
unit  price  of  $7,930  because  of  engineering  changes  introduced 
after  the  initial  contract  award.  Engineering  changes  undoubt¬ 
edly  impacted  to  some  degree  on  the  price  of  all  the  items  used 
in  this  analysis,  but  their  effect  in  the  case  of  the  SHRIKE 
GfiC  unit  seems  so  great  as  to  make  its  prices  incompatible  with 
the  others. 

The  data  that  were  collected  on  the  SHRIKE  G$C  units  are 
displayed  in  Table  H-13. 

2.  H-14  Rifle 

Although  the  unit  price  .*  f  the  M-14  Rifi©  did  not  come  up 
to  the  criteria  set  for  the  quantitative  analysis,  the  site  and 
nature  of  the  procurement  and  the  obvious  importance  of  the 
equipment  to  the  Artay  made  it  a  candidate  for  inclusion  as  an 
exception.  After  adoption  by  the  Amy,  the  first  production 
contract  was  awarded  sole- source  to  the  Springfield  Armory; 
and,  subsequently,  production  contracts  were  given  to  three 
different  civilian  firms.  The  total  program  cost  in  excess  of 
$136  &; i lion. 

It  developed,  however,  that  the  cost  of  the  Springfield 
Armory  production  could  not  be  determined,  sc  there  were  no 
sole-source  cost  data- -not  even  one  point. 

Since  practically  all  the  data  obtained  on  the  M-14  Rifle 
are  contained  in  the  report  by  U.S.  Artsy  Weapons  Command, 
AMSWE-PPR-69-Oi ,  Procurement  Bi  story  end  Analysis  of  Rifle 
(28  January  1969),  it  is  not  reproduced  here. 
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Table  H-19.  PRICE-QUANTITY  DATA  FOR  THE  SHRIKE  G&C  UNIT 


— 

Contractor 
- . . .  ■ 

FY 

Quantl ty 

Unit  Price 
(1570  $) 

'  - - -  —  . . . .  1 

Notes 

Texas 

Instruments 

63 

75 

29,772 

Urgent  requirement. 

"C"  band.  Negotiated. 

53 

124 

24,507 

Pilot  production.  "S" 
band.  Negotiated. 

65 

294 

6,340 

"S"  band.  Negotiated. 

65 

1 ,210 

9,333 

"S"  band  extended  cap¬ 
ability.  Negotiated. 

65 

204 

6,105 

"C"  band.  Negotiated. 

67 

1,735 

6,839 

"S"  band  extended  cap¬ 
ability.  Competitive. 
Split  award. 

67 

600 

5,997 

'S11  band  extended  cap¬ 
ability.  Competitive. 

68 

3,90/ 

5,041 

"S"  band  extended  cap¬ 
ability.  Comnetitive. 
Split  awaro. 

69 

1 ,690 

5,301 

"S"  band  extended  cap¬ 
ability.  Competitive. 

69 

100 

7,541 

"C"  band  extended  cap- 
abil ity. 

70 

300 

7,499 

“C“  band  extended  cap¬ 
ability. 

71 

200 

7,999 

Unknown  model.  Corn- 
pet*  ti  ve. 

72 

100 

9,020 

Unknown  model.  Nego- 
ti a ted . 

Sperry 

65 

ns 

5,600 

"S"  band.  Competitive:. 

65 

1,833 

9,310 

"S"  band  extended  cap¬ 
ability.  Competitive . 

67 

1 ,936 

5,999 

"S"  band  extended  cap¬ 
ability.  Competitive. 
Split  award. 

67 

448 

6,110 

• 

“S"  band  extended  cap- 
abil i ty. 

68 

_ 

1,750 

— 

5,424 

"S'*  band  extended  cap¬ 
ability.  Competitive. 
Split  award. 
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3*  W.^C-1  Receiver-Transmitter 


.? 


The  WRC-1  is  a  receiver-transmitter  used  for  ship-to-ship 
and  ship-to-shore  communications.  It.  was  first  procured,  on  a 
sole-source  basis  from  the  Bendix  Corporation.  The  second  pro¬ 
curement  was  competitive  and  was  won  by  Genera]  Dynamics. 

Bendix  regained  the  procurement  on  the  subsequent  and  last  com¬ 
petitive  contract. 


On  the  first  contract,  Bendix  miscalculated  its  bid  price 
and  made  a  claim  for  $21  million  to  the  government ,  and  an  award 
of  $9  million  was  allowed.  As  a  consequence,  there  is  consider¬ 
able  uncertainty  as  to  just  what  the  correct  unit  price  for  the 
first  Bendix  production  should  be.  Since  this  was  the  only 
sole- source  buy  and  since  there  were  only  two  additional  con¬ 
tracts,  the  data  were  judged  to  be  unsuitable  for  the  quantita¬ 
tive  analysis. 

Table  H-20  displays  the  data  that  were  collected. 


Table  H-20.  PRICE-QUANTITY  DATA  FOR  THE  WRC-1  RECEIVER- 
TRANSHITTER 


Contractor 

FY 

Type 

Contract 

—  r  -if  f  r  -.  -r.  -  — — . 

Quan* 1 ly 

n-  ,  ,  ,  w.-., 

Unit  Price  ^ 
{1970  1) 

Bendix 

66 

Sole-source 

1  ,172 

* 

*»  ** 

70 

Competitive 

84 

15,55’ 

70 

Competitive 

45 

14.839 

71 

Competitive 

7 

14,201 

72 

Competitive 

32 

13,593 

General  Dynamics 

68 

Competitive 

240 

14,981 

Ur.it  price  {1970  dollars)  was  (1)  $8*560.  if  actual  $9 
million  award  Is  Included,  or  t?)  $12,086,  If  the  claimed 
$21  million  award  Is  assumed. 
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SIDEWINDER:  Guidance  and  Control  Unit  and  Wing  and 

Rolleron  Assembly 

The  data  collected  on  the  Guidance  and  Control  unit  (G§C 
unit)  and  the  wing  and  rolleron  assembly  were  never  seriously 
considered  as  being  adequate  for  inclusion  in  the  quantitative 
analysis  sample,  but  the  impact  of  competition  seemed  so  strik¬ 
ing  that  it  was  at  first  thought  the  data  could  be  used  some 
way  in  the  analysis. 

The  only  data  available  on  the  Guidance  and  Control  unit 
were  for  three  contracts  in  FY  71  and  FY  72.  However,  since 
-this  particular  G§C  unit  has  been  greatly  modified  from  previ¬ 
ous  models,  it  is  uncertain  how  much  learning  from  prior  pro¬ 
duction  would  be  applicable  even  if  the  data  were  available. 

The  Raytheon  Corporation  had  been  producing  the  SIDE¬ 
WINDER  G§C  unit  under  sole-source  negotiations  since  the  pro¬ 
gram's  inception,  but  with  this  latest  model  in  FY  71,  the  Navy 
decided  to  introduce  a  second  producer  and,  to  this  end,  asked 
for  proposals  from  Philco-Ford  and  General  Electric  for  a  700- 
unit  production.  Philco-Ford  won  the  competition  with  a  unit 
price  bid  of  $6,100. 

In  FY  72,  a  sole-source  contract  was  negotiated  with  Ray¬ 
theon  for  1,100  units  at  a  unit  price  of  $11,494.  At  the  same 
time,  an  optional  quantity  of  470  units  was  proposed  for  com¬ 
petitive  bidding  between  Raytheon  and  Philco-Ford,  with  quotes 
being  asked  for  100-unit  incremental  quantities  from  100  to 
S00.  The  bids  received  are  shown  in  Table  H-2I. 

Philco-Ford  won  this  competition,  but  because  of  an  engin¬ 
eering  change  made  after  the  above  bids,  both  companies  had  to 
bid  again  on  the  4?o  quantity.  Again,  Philco-Ford  won,  with  a 
unit -price  bid  of  $6,?9G.  The  losing  Raytheon  bid  was  for  a 
unit  price  of  $9,981. 

The  win?  and  rolleron  assembly  of  the  SIDEWINDER  is  four 
roughly  triangular  fins  that  are  fitted  on  the  aft  third  of 
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Table  H-21.  SIDEWINDER  FY-72  OPTION  QUANTITY  BIDS 


the  missile  and  are  actuated  to  guide  and  stabilize  it.  They 
have  an  interior  honeycomb  structure,  to  give  both  strength  and 
lightness.  The  Army  CHAPARRAL  uses  two  fins  that  are  identical 
(except  for  the  paint)  to  the  SIDEWINDER'S  and  two  that  are 
simple  metal  stampings.  The  Navy  does  the  procurement  for  both 
services. 

No  specific  procurement  data  prior  to  FY  70  were  available; 
they  were  all  in  dead  storage.  However,  the  Weapons  Dictionary 
indicates  that  about  blj.il  SIDEWINDERS  and  6,000  CHAPARRALS 
were  produced  through  FY  69.  This  would  mean  that  about  162,100 
individual  fins  were  made,  all  by  the  same  company.  Farmers 
Tool  and  Supply  Corporation  (FTS) ,  before  the  current  contract. 
The  original  price  was  $250  per  fin  (or  $1,000  per  SIDEWINDER 
set)  and  has  gradually  been  reduced  to  the  $199  point  of  the  FTS 
bid  for  FY  70. 

The  Navy  had  from  early  in  the  program  advertised  the  wing 
and  rolleron. procurements;  but  until  FY  71,  only  FTS  (the  ori¬ 
ginal  supplier)  had  made  bids.  The  data  on  the  FTS  PY-70  con¬ 
tract  and  the  FY-71  low  bid  of  Engineering  Research,  Inc.  (ERl), 
are  as  follows: 

FTS:  FY  70  SIDEWINDER  -  1,200  sets  @$783.68  (S19S.92  ea.) 

CHAPARRAL  -  3,030  sets  §$397.66  ($198.83  ca.) 

ERI:  FY  71  SIDEWINDER  -  1,400  sets  8S698.00  ($174.50  ea.) 

CHAPARRAL  -  2,242  sets  @$306.00  ($155.00  ea.) 


H-4S 


Over  the  course  of  the  production  of  r oout  162,100  fins, 
the  unit  price  had  declined  from  $250  to  an  average  of  $197.34 
--about  2?  percent.  The  first  competitive  buy  resulted  in  a 
drop  from  the  current  price  of  17  percent  and  from  the  original 
$250  of  34  percent. 

D.  DATA  NOT  SUITABLE  FOR  THE  QUANTITATIVE  ANALYSIS 

In  the  attempt  to  collect  as  large  a  data  base  as  possible, 
some  cost  histories  were  accumulated  which  were  obviously  not 
suited  for  the  quantitative  analysis.  However,  since  the  in¬ 
formation  was  difficult  to  acquire,  and  since  it  doss  have  a 
subjective  bearing  on  the  analysis,  it  is  displayed  here.  The 
names  of  the  10  items  in  this  category,  grouped  according  to 
the  primary  reason  the  data  could  not  be  used,  are  listed  below; 
and  the  data  aro  displayed  in  Tables  H-22  through  H-31. 

Aerno  42-0750  Voltage  Regulator 
Aerno  42-2028  Generator 
AN/PRC- 77  Manpack  Radio  Set 
AN/VKM-1  Radio  Test  Set 
Standard  MR  8  ER  Missiles 
AN/SQS-208A  Transducer 
AN/ARA-63  Radio  Receiving-Decoding 
AN/ ARC -54  Radio 

AN/APM-123  Transponder  Test  Set 
AN/GRC-103  Radio  Relay  Set 


Unit  pr-ioe  too  low 


Set 


No  eoie~(touroe 
pvogrJdQ  curve 

No  ooKpetiiivo  data 
Hieaing  data 
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Table  H-22 .  PRICE-QUANTITY  DATA  FOR  THE  AERNO  42-0750  VOLTAGE 
REGULATOR 


Contractor 

— 

FY 

— - - 

Type 

Contract 

Quantity 

Unit  Price 
(1970  $) 

Bendix 

66 

Sol e-source 

380 

135 

67 

Sole-source 

380 

1 45 

56 

Sole-source 

295 

134 

71 

Competitive 

298 

54 

72 

Competi ti ve 

164 

55 

Lear-Siegler 

69 

Competitive 

344 

75 

70 

Competi ti ve 

_ 

314 

71 

Table  H-23.  PRICE-QUANTITY  DATA  FOR 
GENERATOR 

THE  AERNO 

42-2028 

Contractor 

FY 

Type 

Contract 

Quanti ty 

Unit  Price 
(1970  $) 

Bendix 

67 

Sole-source 

380 

’69 

66 

Sole-source 

380 

694 

63 

Sole-source 

273 

465 

Lear-SiegHr 

69 

Competitive 

332 

512 

70 

— 

Competi ti ve 

314 

427 

Table  H-24.  PRI CE -QUANTITY  DATA  FOR  THE  AN/PRC-77  MANPACK 
RADIO  SET 


Contractor 

FY 

Type 

Contract 

Quantity 

«‘n-1  ■  “  « 

Unit  Price 
(197u  f ) 

RCA 

67 

Sole-source 

7  ,837 

1 ,171 

67 

Sole-source 

10.798 

1 ,360 

Electrospace  Corp. 

68 

Competitive 

56,312 

668 

72 

Competitive 

4,133 

433 

£  Systems,  Inc. 

70 

Competitive 

16,191 

579 

Cincinnati  Electronics 

73 

Competitive 

6.608 

397 

Sentinel  Electronics 

73 

Competitive 

6,617 

397 

Bristol  Electronics 

73 

Competitive 

451 

530 

Table  H-25.  PRICE-QUANTITY  DATA  FOR  THE  AN/VRM-1  RADIO  TEST  SET 


11  1 

Contractor 

FY 

Type 

Contract 

Quantity 

Unit  Price 
(1970  $} 

Monmouth  Electric 

67 

Negot';  ated 

188 

624 

Electrospace 

Corp. 

68 

Compe  *i  ti  v«* 

732 

317 

la  Points  Ind 

ustries 

69 

Comp@H  ti  ve 

51 

260 

Comoeti ti ve 

_ I _ _ 

171 

249 

Table  H-26.  PRICE-QUANTITY  DATA  FOR  STANDARD  MR  AND 

ER  MISSILES 

r 

Standard 

Type 

Unit  Price 

Contractor 

Missile 

FY 

Contract 

Quantity 

(1970  $) 

General  Dy- 

MR 

66 

Sole-source 

50 

149,766 

namics  Corp. 

67 

Competi ti ve 

144 

60,230 

67 

Competi  f  i  ve 

72 

30,764 

63 

Competi ti ve 

240 

29,786 

69 

Competi ti ve 

240 

32,445 

70 

Competi ti ve 

400 

33,767 

7| 

Competi ti ve 

400 

32,653 

E* 

66 

Sole-source 

50 

143,766 

$7 

Competi ti v§ 

576 

61,039 

67 

Ct.fi'sseti  f  5  vs- 

109 

31  ,075 

68 

Competi  ■’••i  ve 

660 

30,090 

69 

Competi ti ve 

660 

32,712 

;c 

Competi ti ve 

500 

34,024 

71 

Competitive 

500 

32,901 

Table  H-2/.  PRICE ‘•QUANTITV  DATA  FOR  THE  AN/SQS-208A  TRANSDUCER 


Contractor 

FY 

Type 

Contract 

Quantity 

Unit  Price 
(1970  S) 

Dynamics  Corp.  of  Aser. 

~s7 

Sole*  source 

29 

76,869 

Haieltine  Corp. 

68 

Competitive 

54 

40,508 

_ 

2L 

Competi tive 

. . 

30,621 
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Table  H-28.  PRICE-QUANTITY  DATA  FOR  THE  AN/ARA-63  RADIO 
RECEIVING-DECODING  SET 


Contractor 

FY 

Type 

Contract 

Quaritl  ty 

Unit  Price 
(1970  $} 

AIL  Company 

6$ 

Sole-source 

1  .3**5 

-n  --IL  . 

7,849 

ASC  Systems  Corp. 

72 

Competitive 

- -  - . 

1 ,067 

2,882 

Table  H-29.  PRICE-QUANTITY  DATA  FOR  THE  AN/ARC-54  RADIO 


Contractor 

FY 

Type 

Contract 

Quantity 

- 1 

Unit  Price 
(1970  t) 

Admiral  Corp. 

64 

Sol a-sourcs 

900 

7,379 

64 

Sole-source 

853 

5,795 

65 

Sole-source 

1  ,381 

5,751 

66 

Sol  e-source 

1 ,160 

5,076 

66 

Sole -source 

300 

5,039 

65 

Sole-source 

3,103 

4,866  j 

_ - _ 

66 

Sole-source 

2  ,650 

5,033  j 

Table  H-3Q.  PRICE-QUANTITY  DATA  FOR  THE  AN/APH-123 
TEST  SET 

TRANSPONDER 

r 

~ype 

Unit  Price 

Contract 

FY 

Con :ract 

Quantity 

(1970  $.) 

Psekard-Qell  Company 

65 

Sole-source 

6 

2,1*3 

66 

Sole-source 

316 

6*076 

67 

Sole-source 

625 

* 

6,034 

* 

68 

So’  e-source 

*  e* 

•* 

63 

Sole-source 

195 

6.629 

69 

Sole-source 

326 

6,599 

Tech  Industries 

69 

Competitive 

2*2 

• 

2,169 

• 

71 

Competitive 

..-■X......  ,  .  T.J 

* 

Unit  ft  own. 
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Table  H-31 .  PRICE-QUANTITY  DATA  FOR  THE  AN/GRC-103  RADIO  RELAY 
SET 


Contractor 

1 

FY 

Type 

Contract 

U~ . —  -  -  -  -  . 

Quantity 

Unit  Price 
(1970  $} 

Canadian  Commercial 

66 

Sole-source 

400 

32,799 

63 

Sole-source 

350 

26,771 

Magnavox  Company 

69 

Competitive 

142 

10,395 

69 

Competitive 

71 

10,376 

i 

\ 

l 


l 

'i 

\ 
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Appendix  1 

REVIEW  OF  DEFENSE  INDUSTRY  PROFIT  STUDIES 

This  appridix  summarizes  the  results  of  various,  studies  on 
defense  industry  profits.  The  empirical  work  of  this  report 
(Chapter-  IV)  showed  that  large  price  reductions  were  obtained 
when  competition  was  introduced  into  defense  procurement  through 
the  use  c£  formally  advertised  bidding.  In  order  to  get  some 
indication  jf  whether  these  price  reductions  were  permitted  by 
excessively  hign  profits  in  the  sole-source  cases  or  by  reduc¬ 
tions  in  the  costs  of  production,  a  review  of  defense  profits 
was  decided  on.  Although  the  data  on  profits  of  firms  befors 
and  after  formally  advertised  bidding  are  unavailable,  the 
profits  from  negotiated  and  sole-source  contracts  should  be  ”.he 
largest  p&.t  of  defense  firms’  profits,  because  these  contracts 
are  still  for  such  a  large  proportion  of  the  total  procurements. 
Therefore,  a  study  of  defense  industry  profits  will  be,  in 
effect,  a  study  of  profits  from  negotiated  and  sole-source  pro¬ 
curements,  which  is  the  desired  bias  (since  the  possibility  of 
excess  profits  on  these  contracts  is  being  examined). 

Since  the  studies  reviewed  below  were  made  by  government 
agencies  and  by  academics,  the  approaches  and  specific  areas 
emphasised  vary  somewhat.  Because  the  allocation  within  a  fir© 
of  profits,  costs,  and  sales  to  military  and  commercial  work  is 
open  to  disagreement,  the  studies  tried  different  ways  of  defin¬ 
ing  and  separating  defense  from  ce**ereial  prefits.  But  in 
spite  of  the  varied  approaches,  the  overall  results  are  that 
s*iiitary  profits  are  not  significantly  higher  than  commercial 
profits. 
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The  Defense  Indue  try  Profit  Review:  1988  Profit  Data  of 
the  Logistics  Management  Institute  (LMI)  covers  an  11-year 
period,  1SS8-1968,  and  includes  all  companies  having  over 
$200  million  annual  defense  sales  and  a  representative  sample 
of  companies  whose  annual  defense  sales  are  between  $25  million 
and  $200  million  and  have  at  least  10  percent  of  total  company 
business  in  defense  sales  (43  companies  for  1968).  Sales,  cap¬ 
ital  investment,  and  profits  for  these  firms  were  allocated  to 
defense  work  and  to  commercial  work.  The  financial  character¬ 
istics  of  these  defense-oriented  firms  were  compared  with  those 
of  a  sample  of  commercial  companies  that  were  in  the  same 
durable-goods  categories. 

The  comparison  of  before-tax  profit,  to  sales  ratios  is 
shown  in  Table  1-1.  On  the  basis  of  Profits/Sales ,  defense 
businocs  is  less  profitable  than  commercial  business  within  the 
same  firm  and  less  profitable  th&n  predominantly  commercial 
companies  are.  But  a  more  important  financial  characteristic 
for  investment  decisions  is  the  ratio  of  profits  to  total  cap¬ 
ital  investment,  where  total  capital  investment  is  the  amount 
assigned  to  capital  shares  and  surplus  plus  long-term  debt. 

Table  1-1.  COMPARISON  Of  BEFORE -TAX  PROFITS  TC  SALES 


Percentage 

(Profits/Sales) 

Type  of  Firm 

1968 

Defense  Companies 

1 

i  Defense  business 

3.89 

4.17  J 

ComaercUl  business 

7.64 

6. 38 

tosfcercia!  Companies 

L  -----  _ -  ...  -i 

3.35 

8.73  ; 

Source:  LMI,  p.  26. 
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Again,  allocating  the  capital  investment  and  profits  within 
a  defense-oriented  company  to  its  defense  and  commercial  work, 
the  ratios  for  profit  to  total  capital  investment  (TCI)  are 
shown  in  Table  1-2.  Depending  on  the  year  looked  at,  there  may 
or  may  not  be  any  difference  between  the  defense  and  commercial 
profit  rates  within  a  firmv  but  the  commercial  companies  again 
do  bettor  than  the  defense -oriented  companies. 

Table  1-2.  COMPARISON  OF  PROFITS  TO  TOTAL  CAPITAL 
iNVESTME NY- -ALLOCATED 


Percentage 

(Profit/TCI) 

Type  of  Firm 

1968 

1967 

Defense  Companies 
Defense  business 

12.82 

13.02 

Commercial  business 

16.^4 

13.43 

Commercial  Companies 

19.54 

18.22 

Source:  LHI 4  p.  20. 

Since  thore  are  problems  in  allocating  profits  within  a 
firm,  LM1  also  compared  defense  companies  as  a  whole  with  com¬ 
mercial  firms,  using  samples  based  on  audited  financial  state¬ 
ments.  The  ratio  (found  by  U4Ij  of  profits  to  total  capital 
investment  on  this  sample  is  shown  in  Table  i-3,  These  figures 
show  that  in  196?  there  was  little  difference  between  the  pro¬ 
fits  of  defease  and  commercial  companies,  but  a  larger  differ¬ 
ence  existed  in  1368. 

A  comparison  of  the  above  figures  with  the  results  given 
in  Table  1*1  for  the  same  Profit/TCi  ratio  shows  differences 
that  could  lead  to  different  policy  recommends t ions.  The  dif¬ 
ferences  in  the  ratios  are  attributable  to  two  factors:  (1) 
Table  1-2  used  contractor- suppl led  data  for  defense  firms, 
while  the  second  used  published  financial  data;  and  (2)  the 


1-5 


Table  1-3.  COMPARISON  OF  PROFITS  TO  TOTAL  CAPITAL 
INVESTMENT— NON-ALtOCATED 


Type  of  Firm 

Percentage 
{ Profit/TCI ) 

1968 

1967 

Defense-orie-  ted  companies 
j  Commercially-oriented  companies 

16.2 

21.7 

16.0 

17.5 

j  Source:  LMI,  p.  46 

data  for  the  commercial  firms  were  based  on  different  sizes  of 
samples  for  the  two  tables.  Because  the  financial  ratios  are 
so  sensitive  to  the  data  base  used,  care  must  be  taken  in  stat 
ting  conclusions  about  defense  profits.  Therefore,  other 
studies  of  defense  industry  profits  will  be  reviewed  in  order 
to  obtain  a  general  consensus. 

Another  study  with  an  approach  similar  tn  LMI’s  was  done 
by  the  General  Accounting  Office  (GAO)  during  1970.  GAO  stud¬ 
ied  the  profits  on  negotiated  contracts  for  74  large  DoD  con¬ 
tractors  and  required  them  r.o  separate  the  sales,  profits,  and 
investments  for  the  defense  and  commercial  portions  of  their 
sales.  (Note  that  the  samples  oi  the  GAO  and  LMI  studios  dif¬ 
fer,  but  that  both  separate  defense  from  commercial  business 
within  a  firm.)  for  its  findings  and  conclusions,  the  report 
states : 


..  profits  on  000  contracts  averaged  4.5  percent  of 
sales  over  the  4  years,  I960  through  1969,  but 
profits  on  cosprraMe  commerc ial  work  of  the  74  con¬ 
tractors  averaged  9.9  percent  of  sales  for  the  same 
period.  When  profit  was  considered  as  a  percent  of 
the  total  capital  investment  (total  liabilities  and 
equity  but  exclusive  of  Government  capital)  used  in 
generating  the  ^ales,  the  difference  narrowed- -11 .1 
percent  for  DOD  sales  and  14  percent  for  commercial 
sales.  Further,  when  profit  was  considered  as  a  per¬ 
cent  of  equity  capital  investment  of  stockholders, 
there  was  little  difference  between  the  rate  of  re- 
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turn  for  defense  work  and  that  for  commercial  work. 

The  74  large  DOD  contractors  realized  average  returns 
before  Federal  income  taxes  of  21.1  percent  on  equity 
capital  allocation  to  defense  sales  and  22.9  percent 
on  equity  capital  allocated  to  commercial  sales.... 

The  major  factor  causing  the  rates  of  return  on  con¬ 
tractor  capital  investment  for  defense  and  commercial 
work  to  be  similar  was  the  substantial  amount  of 
capital  provided  by  the  Government  in  the  form  of 
progress  payments,  cost  reimbursements ,  equipment, 
and.  facilities.  This  reduced  the  capital  investment 
required  from  the  contractors  for  defense  work. 

[28,  p.  1] 

Thus,  the  GAO  and  LMI  studies  report  the  same  general  ranges 
for  the  various  financial  ratios  in  spite  of  their  different 
data  bases.  Moreover,  GAO  feels  that  the  rates  of  return  on 
defense  anu  commercial  work  are  quite  similar  when  the  amount 
of  government-provided  capital  is  taken  into  account. 

A.  M.  Agapos  and  Lowell  E.  Galloway,  in  their  article 
'’Defense  Profits  and  the  Renegotiation  Board  in  the  Aerospace 
Industry”  [65],  attempt  to  evaluate  empirically  the  effective¬ 
ness  of  the  Renegotiation  Board  established  to  insure  that  con¬ 
tractors  with  the  government  do  not  reap  unusual  profits  from 
their  activities.  The  study  covers  the  period  1942-67  and  looks 
at  aerospace  firms  that  are  government  prime  contractors,  divid¬ 
ing  the  firms  into  two  groups-  (1)  those  with  80  percent'  or  more 
of  their  sales  subject  to  renegotiation  and  (2)  those  with  less 
than  80  percent  of  their  sales  subject  to  renegotiation,  but 
with  50-80  percent  or  their  total  sales  to  the  government. 

Using  multiple  least -squares  regression  techniques,  they 
estimated  a  statistical  profit  function  for  the  b.S.  aerospace 
industry.  The  measures  of  profitability  used  were  profits 
(both  before  and  after  taxes  and  renegoliation)  as  a  fraction 
of  net  worth  and  as  a  fraction  of  total  assets.  (The  Renegoti¬ 
ation  Act  of  1951  instructs  the  Renegotiation  Board  to  consider 
the  return  to  net  worth  in  its  determinations.)  Agapos  and 
Gallaway  report  that  their  regression  results  suggest  "that  the 
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presence  of  the  board  has  led  to  an  inflation  of  aerospace 
profits  which  have  been  renegotiated  away  by  the  board"  [65, 
p.  1103],  Their  overall  basic  conclusions  are  as  follows: 

1.  There  is  almost  no  evidence  that  aerospace  firms 
in  contemporary  America  are  able  to  reap  unusually 
large  or  excessive  profits  from  the  presence  of  posi¬ 
tive  shifts  in  the  demand  for  military  hardware.  2. 

It  appears  that  the  parties  to  the  contract  negotia¬ 
tion  process--an  integral  part  of  defense  procurement 
in  the  aerospace  industry- -have  very  effectively  dis¬ 
counted  the  presence  of  the  Renegotiation  Board  and 
have  thus  rendered  it  quite  ineffectual.  [65,  pp. 

1103-4] 

George  J.  Stigler  and  Claire  Friedland,  in  their  article 
"Profits  of  Defense  Contractors"  [66],  use  a  different  approach 
to  a  profits  study  by  looking  at  the  profitability  of  invest¬ 
ments  made  in  defense  contractors.  They  feel  that  "Stock  market 
experience  avoids  (or  at  least  ignores!)  the  complications  of 
accounting  practices,  including  the  difficulties  of  segregating 
assets  and  income  within  the  enterprise"  [66,  p.  692].  They 
looked  at  the  largest  defense  prime  contractors  from  the  annual 
DoD  lists,  compared  the  contracts  with  the  total  sales  of  the 
companies  in  the  same  years  to  obtain  an  average  percentage  of 
defense  business,  and  calculated  the  market  value  of  an  initial 
investment  in  common  stock  of  a  company  with  reinvestment  of  all 
dividends  in  the  stock  of  that  company,  The  investment  perform¬ 
ance  of  the.  defense  firms  was  compared  with  the  average  value  of 
an  investment  in  each  company  listed  on  the  New  Yovk  Stock 
Exchange.  Their  main  findings  are  as  follows; 

1.  The  investments  in  defense  contractors  were 
almost  twice  as  profitable  in  the  1950's  as  the  in¬ 
vestment  in  all  listed  stocks.... 2.  In  the  !960's  the 
investments  in  defense  contractors  did  approximately 
as  well  as  in  all  NYSE  stocks ... .Thus  there  is  sub¬ 
stantial  agreement  between  our  study  and  that  of  the 
Logistics  Management  Institute.  [66,  p.  693] 

But  in  spite  of  their  results,  Stigler  and  Friedland  are  hesi¬ 
tant  to  judge  the  efficiency  of  present  systems  of  procurement. 
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They  suggest  that  more  important  questions  are  the  risk  in  the  j 

defense  area,  the  existence  of  monopoly  or  blocked  entry  into  j 

the  defense  contracting  business,  and  the  relationship  between 

the  profits  of  defense  contractors  and  their  performance  on 
contracts. 


Another  study,  Douglas  R.  Bohi's  -‘Profit  Performance  in 
the  Defense  Industry,"  examines  the 

profit  performance  of  defense  industry  firms  in  the 
past  decade  to  determine  whether  the  profit  rates  of 
firms  engaged  heavily  in  defense  contracting  differ 
significantly  from  profit  rates  of  non-defense' 
oriented  firms.  Related  points  of  interest  to  be 
considered  include:  (1)  whether  there  is  any  rela¬ 
tionship  between  the  percentage  cf  business  attributed 
to  defense  contracts  and  the  profit  performance  of 
different  firms,  (2)  whether  traditional  defense 
industry  firms  have  become  more  or  less  dependent  on 
defense  business,  and  (3)  whether  the  Vietnam  war  has 
altered  the  profit  performance  of  defense  firms. 

[67,  p.  721] 

Bohi  looks  at  a  sample  of  36  defense  firms  that  consisten r.ly 
appeared  on  the  annual  lists  of  the  largest  defense  contrac¬ 
tors  for  the  period  1960  through  1969.  Ho  examines  the  volume 
of  defense  contracts  awarded  to  the  36  firms;  defense  profits 
as  a  percentage  of  total  sales;  profits;  and  profits  as  a 
percentage  of  net  worth  (the  latter  ratio  is  the  only  measure 
in  common  with  several  other  studies).  He  was  unable  to  find 
significant  differences  between  the  profit  rates  of  the  de¬ 
fense  firms  and  those  of  the  500  largest  manufacturers  as 
listed  in  Portun-s  for  the  same  period.  He  further  found  that 
the  ''hypothesis  of  no  significant  correlation  between  profits 
and  the  concentration  of  defense  business  cannot  be  rejected" 
[67,  p.  726] .  Bohi  also  reports  that  the  traditional  defense 
contractors  have  been  diversifying  into  commercial  business, 
because  the  ratio  of  defense  contracts  to  sales  had  declined 
(while  the  total  defense  contracts  to  these  firms  had  not  de¬ 
clined).  He  also  finds  that  traditional  defense  firms  (the  36 
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that  have  been  consistently  on  the  list  of  the  largest  contrac¬ 
tors  for  the  period  1960  through  1969)  have  been  taking  a  smaller 
portion  of  total  defense  procurement.  In  considering  the  issue 
of  whether  there  has  been  a  change  in  defense  profits  as  a  result 
of  the  Vietnam  war,  he  notes  that  profits  and  profit  rates  for 
the  36  defense  firms  studied  did  increase  during  the  Vietnam  war 
period,  but  that  so  did  manufacturing  profits  in  general,  and 
that  the  increases  are  not  significantly  different.  "In  fact, 
it  appears  that  the  source  of  the  bulk  of  the  increase  in  profits 
of  defense  contractors  during  the  war  was  nondefense  business" 
[67,  p.  727] .  Bohi  concludes  that 

there  is  no  evidence  for  arguing  that  defense  business 
is  any  more  or  less  profitable  than  nondefense  busi¬ 
ness  in  general.  Whether  or  not  this  result  implies 
that  defense  profits  are  too  high  or  too  low  depends, 
of  course,  on  the  relative  risk  and  relative  effici¬ 
ency  of  defense  and  nendefense  business ....  Relative 
risk  and  relative  efficiency,  not  relative  profit  per¬ 
formance,  are  the  important  issues.  [67,  p.  728] 

To  summarize  all  these  studies  of  defense  industry  profits, 
it  appears  to  be  still  uncertain  as  to  whether  or  not  defense 
industry  profits  (either  for  the  defense  contractor  as  a 
whole  or  for  just  the  defense  part  of  the  business)  are  sig¬ 
nificantly  lower  than  profits  for  commercially-oriented  firms. 
Some  studies  (e.g.,  Stigler  and  Bohi)  have  reported  no  statis¬ 
tically  significant  difference,  while  the  LMI  and  GAO  studies 
report  that  some  measures  of  profits  give  lower  returns  on 
defense  business  and  for  defense-oriented  firms.  But  in  either 
case,  all  studies  have  suggested  that  the  important  question 
for  policy  purposes  is  not  the  level  of  profits  but  their 
adequacy*- including  consideration  of  government-supplied  capital 
and  the  risk  borne  by  the  firms. 

Recalling  the  initial  purpose  of  this  review  of  defense 
industry  profits,  there  is  no  strong  evidence  that  the  defense 
industry  is  excessively  profitable,  in  fact,  since  the  profit 
rate  is  lower  ofi  defense  business  in  some  of  the  studies, 
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other  factors  (like  government -supplied  capital  and  the  firm's  I 

cost  risk)  would  have  to  have  a  large  impact  to  make  defense  1 

profits  higher  than  commercial  rates.  Since  defense  profit 
rates  do  not  appear  to  be  excessively  high,  the  price  reduc¬ 
tions  obtained  under  competitive,  formally  advertised  procure¬ 
ments  are  likely  to  have  been  enabled  by  reductions  in  the 
production  cost. 
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Appendix  J 

DETAILED  COMPARISON  OF  COMMERCIAL  AND  MILITARY 
AIRCRAFT,,  SHIP,  AND  WHEELED-VEHICLE  PRICES 

Chapter  V  presented  the  methodology  used  in  making  the  com¬ 
parison  of  military  and  commercial  prices  and  some  summary  tables 
of  the  results  This  appendix  presents  the  data  and  detailed 
calculations  that  were  used  to  derive  the  summary  tables  of 
Chapter  V. 

A.  COMPARISON  OF  MILITARY  AND  COMMERCIAL  AIRCRAFT 

Table  J-l  presents  the  airframe  cost  index  used  to  normalize 
prices  to  1970  dollars. 


Tab! *  J-l.  AIRFRAME  C0£T  INDEX 


l” 

Year 

Index 

Yea  r 

Index 

Year 

Index 

1945 

1 . 586 

1955 

1.388 

1965 

1.225 

1946 

1.566 

1356 

1.370 

1966 

..170 

194? 

1.546 

1957 

1.352 

1967 

1.132 

1948 

1.526 

1958 

1.335 

1968 

1.006 

1949 

1.506 

1959 

1,318 

1969 

1.041 

1950 

1.486 

1960 

1.285 

1970 

1 . 000 

1951 

1.466 

1961 

1 .270 

1971 

,972 

1952 

1.446 

1962 

1.270 

1972 

.933 

1953 

1.426 

1963 

1.270 

i 

1954 

1.407 

1964 

1.254 

_ 

Source:  Office  of 

the  Assistant 

Secre- 

Ury 

of  Defense  {Systems 

Analysis) 
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1 .  Piston  Aircraft  -  Case  Studies 


a .  0119  Versus  Convalr  240,  340,  440 

The  tables  for  commercial  aircraft  are  set  up  with  nine 
column  headings  (see  Table  J-2).  The  first  four  are  self- 
explanatory.  The  fifth  column  (labeled  '  Empty  Weight  Delivered'*) 
is  the  product  of  the  number  of  planes  delivered  that  year  and 
the  empty  weight  of  one  airplane.  The  sixth  column  is  the  prod¬ 
uct  of  the  number  of  planes  delivered  that  >v»ar  and  the  useful 
load-carrying  capacity  (hereinafter  shortened  to  "useful 
capacity")  of  one  airplane.  The  seventh  column  is  the  selling 
price  or  average  selling  price  of  one  plane  in  that  year  (or 
current-year  dollars) .  The  eighth  column  is  the  (seventh- 
column)  selling  price  normalized  to  1970  dollars,  using  the  con¬ 
version  indices  of  Table  J-l.  The  last  column  is  the  total 
price--obtainod  by  multiplying  the  price  per  plane  (in  197G 
dollars)  by  the  number  of  pianos  delivered  th«*i  year.  This 
toval  price  should  be  roughly  the  amount  received  by  the  air¬ 
craft  manufacturer  for  total  flyaway  sales  uf  that  plane  in 
that  year.  The  totals  at  the  bottom  are  the  total  number  of 
planes  delivered,  total  empty  weight  delivered,  total  useful 
capacity  delivered,  and  total  program  sales  over  the  span  of 
years  the  plane  was  produced. 

As  Table  d-2  indicates,  the  total  amount  received  by  Con- 
vair  for  its  24G,  340,  440  series  was  $454,590,000  (1970  dollars) 
for  a  total  of  563  planes  delivered.  Total  sales  of  the  Convtur 
series  are  then  divided  by  total  empty  weight  delivered,  to  ob¬ 
tain  a  price  per  pound  for  that  particular  commercial  plane. 

Since  total  pounds  delivered  wgs  16 ,4§£ ,0G9 ,  the  average  price 
per  pound  of  empty  weight  for  the  Convair  240,  340,  440  was 
$27.55.  Price  per  pound  on  a  useful -capacity  basis  was  $48.98. 

Data  for  the  C-119  program  are  shown  in  Table  J-3.  In  this 
case,  wore  military  planes  were  produced  than  commercial  planes. 
In  order  to  normalize  for  quantity,  the  quantity  of  C-119s  pro- 
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Tebld  J-2.  C0HVA1R  2(0 ,  340,  (40  PROSRAM  DATA 


1e»r(l) 

hodel 

Empty 

Wmlght 

(thouteftd 

pound!) 

Humber 

Delivered 

Empty 

W*  1  g  h  t 
Delivered 
(tfceuiifld 
pound!) 

Uttful 

C»n!c\*y* 

Delivered 

(thouiend 

pound!) 

Prlci 
(all .(on 
current  $) 

Price 
(million 
1970  9) 

Total 
Price 
(million 
1970  ») 

1947- 

1951 

240 

ir.o" 

176 

4,752 

2.351 

.  440  C 

.66 

116.16 

1952 

340 

29.5 

35 

1,033 

613 

.541 

.78 

27.30 

1953 

>40 

29.5 

101 

2,980 

1,769 

.578 

.82 

82.82 

1954 

3r  0 

29.5 

61 

1,800 

1.060 

.613 

.86 

52.46 

1955 

340 

29.5 

413 

245 

.750 

1.04 

14.56 

1956 

440 

31.3 

57 

1 ,784 

1,048 

.  550 

89 

50.73 

1957 

440 

31.3 

79 

2,473 

1.452 

.670 

.91 

71.89 

1958 

440 

31.3 

21 

657 

536 

.700 

.93 

19.53 

1959 

440 

31.3 

14 

436 

258 

.768 

1.01 

14.14 

1360 

U0 

33.5 

5 

168 

92 

.780 

1.00 

5.00 

Totel 

563 

16,498 

9.282 

454.59 

*H#re  defined  (for  T»b1e*  J-2  throws**  J-17)  **  elrcreft  meilmu*  qro%i  telpoff  weight 
eepty  weight. 

^Avenge  slight  for  the  flve-yeer  »»»n. 

cA»»r»g«  price  for  the  flee-yeer  ipa.i. _ _ 


duced  is  cut  off  to  equal  the  total  production  quantity  (563 
aircraft)  of  the  Convair  240,  340,  440.  The  total  cost  of  563 
C*119s  ia  $627,230,000  (UBTIE  plus  procurement)  and  must  be  in¬ 
creased  by  4.6  percent  to  account  for  government  capital  invest¬ 
ment.  Thus,  the  total  program  cost  is  $646,080,000  (1970  dol¬ 
lars).  This  total  is  divided  by  total  empty  weight  delivered  o« 
563  planes  (22,520,000  pounds),  to  arrive  at  a  price  of  $29.13 
per  pound  of  empty  weignt  for  the  C-119.  Similarly,  the  price 
per  pound  on  a  useful -capacity  basis  was  $40.54. 

Finally,  the  ratio  of  the  price  per  pound  of  the  military 
aircraft  to  the  price  per  pound  of  the  commercial  aircraft  is 
used  as  a  comparison  of  the  costs.  The  price  per  pound  of 
empty  weight  for  the  C-U9  as  compared  to  the  price  per  pound 
of  empty  weight  for  the  Coavair  series  ($29.13/127.55)  gives  a 
ratio  of  1.06.  The  C-119  cost  about  6  percent  core  per  pound; 
the  two  programs  are  quite  comparable.  Likewise,  the  ratio  or> 
a  useful 'capacity  basis  ($40. 54/$48 .99)  is  0.83. 
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Table  0-1.  C-119  PROGRAM  DATA  (1948-1951) 


Year 

Modhl 

— —  — 

Empty 

Weight 

(thousand 

pounds) 

r  — 

Number 

Delivered 

Empty 

Weight 

Delivered 

(thousand 

pounds) 

Useful 
Capacity 
Del  1 vered 
(thousand 
pounds ) 

Procurement 

Cast 

(million 
current  t)® 

ROTAE  and 
Procurement 
Cost 

(million. 
1970  t)6 

1948 

C-119C 

40 

37 

1 .480 

1  .064 

26.71 

40.76 

1949 

C-119G 

40 

98 

3  960 

2  ,846 

43.07 

64.86 

1950 

C-119C 

40 

53 

2.120 

1,623 

24.1? 

35.93 

1951 

C-119C.F  »G,H 
/S4Q-1 

*  0 

438C 

*-,520 

12,586 

335. 60c 

491. 99c 

sF1yaway  costs  only. 

^Estimated  ROTAE  of  50  times  the  cumulative  averaae  cost  of  ISO  units, 
50  x  . 932  "  46.60. 


cUn1t  pric*  in  1l/51  assumed  in  subsequent  case  studies: 
for  Convair  series,  analysis  for  374  of  these  438 
For  Lockheed  Constellation,  analysis  for  334  of  these  438 
For  DC-6,  analysis  for  348  of  these  438 
For  DC-7t  analysis  for  147  of  these  438. _ 


b .  0119  Versus  Lockheed  Constellation 

Lockheed  received  $1,096,970,000  (1970  dollars)  in  sales 
of  its  Constellation  series  (Table  J-4).  The  total  empty  weight 
delivered  for  519  airplanes  was  34,771,000  pounds.  Thus,  the 
price  per  pound  of  empty  weight  for  the  Constellation  was  SJ1.55. 
The  price  per  pound  on  a  useful-capacity  basis  was  $41.24. 

The  total  cost  for  519  C-119s  is  $575,570,000  (Table  J-3). 

To  account  for  government  capital  investment,  this  figure  is  in¬ 
creased  by  4.6  percent,  for  a  total  of  $602,050,000.  Total 
empty  weight  delivered  on  519  planes  is  20,760,000  pounds,  for  a 
price  of  $29.00  per  pound  of  empty  weight  for  the  C-119. 
iarly,  the  total  useful  capacity  delivered  on  S19  planes  is 
14,918,655  pounds- -giving  a  price  per  pound  of  useful  capacity 
of  $40.36.)  Comparison  of  this  $39.00  price  to  th-.  price  of 
531.55  per  pound  of  empty  weight  for  the  Constellation  serios 
produces  a  ratio  of  0.92.  The  two  planes  are  comparable  in 
price,  the  C-119  costing  about  8  percent  less  per  pound.  (On 
the  basis  of  useful  capacity,  price-per-pound  comparison  of  the 
C-119  and  the  Constellation  series  produces  a  ratio  c?  0,98- - 
i.e.,  the  C-119  cost  l  percent  less  per  pound.) 
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T,Mt  d-4.  LOCKHEED  COfSTILlATIO*  5EHt.CS  PftOSAAN  DATA 


Year 

nodal 

£«pty 

(thnuiind 

louid*} 

Nunbar 

Oallvarad 

Eupsy 
*•)!« 
Oallrarad 
(thomand 
pound* ) 

'UTa?^-' 

Capacity 

Paltvarnt 

(thoutand 

poundi) 

Krlea 
(Million 
currant  $) 

Arlet 
(Million 
1970  *) 

C.  *•** 

Ow* 

•  t»*-  o 

Ob.y-88 

■— . 

1 9*3 

049 

56.0* 

10 

580 

420 

.684 

1.085 

10 

85 

1948 

194? 

049 

049) 

649} 

74!) 

56.0* 

56.0* 

S7 

.Si 

3,308 

3.190 

2.394 

252 

590 

.?2tb 

.790 

.760 

1.135 

1.221) 

1.175; 

64 

’0 

70 

85  c 

1 946 

35! 

1 ,474 

.870 

1.345) 

749 

58.0* 

22 

1,276 

938 

•  930b 

1.419 

31 

22 

1949 

749 

57.0* 

17 

969 

725 

1.080 

1.626 

27 

64 

1?50 

* 

6491 

749f 

57.0* 

32 } 

1,995 

128 

1  .364 

•89?h 

1 .022“ 

1.3331 

1.519/ 

52 

6te 

’951 

6491 

71Q( 

5?  0* 

2) 

85 

.899 

1.313) 

1952 

1049 

69.0 

Si 

1 ,416c 

76? 

204 

1.120 

1.2SC 

1  642  } 
1.BJ3) 

39 

52c 

1049 

69.0 

id 

1  ,380 

1 .020 

1.260b 

1.822 

36 

44 

1953 

.  J49C.D.E 

,S 

«5. 6 

28 

1 ,932 

1.428 

1.500b 

2.119 

59 

89 

1954 

1049C.0.E 

*G 

69.0 

41 

2.829 

2,091 

1.700 

2 . 592 

38 

U? 

1955 

I049C.0.E 

.G 

69.0 

55 

3.795 

3,520 

2 . 01 5b 

2.797 

153 

84 

1956 

1O49C.0.E 

1049H 

<5| 

69.0 

1) 

3  i6S  7 

2,560 

192 

2 . 1 1  Ob 
2.070 

2.3911 

2 . 336 ( 

124 

1 

195? 

1049C.0.E 

1049K 

1649 

•G} 

69.0 

65.3 

ill 

35) 

5,C84C 

960 

1  .728 
1.670 

2.180 

1.906 

2.53Q 

2.947  1 
2.577  1 
3.3801 

232. 

03c 

1956 

1049C.0.E 

1049H 

1649 

1 

69.0 

85.3 

3I 

19 

9  * 

2.286* 

192 

1.216 

429 

2.200 

1.893 

2,356 

2 . 937  » 
2.527} 
3.145) 

#5. 

13e 

1959 

1049H 

69.0 

4 

_ m 

256 

1.893 

2.495 

3. 

98 

Total 

519 

34,771 

26.603 

1  .096. 

9? 

l*Av»r,9*  aatg.Nt. 

*6. 

I  *veri3*  prtca. 

'va-ers  weight,  *n<j  arUat  v,rji  en^ag  noaeH,  (Miply  weight  deity 

L.& '*'.**??  according  to  the  *»®ust  produced  o#  a»sh  »odet. 

scad  «nd  tat 

,1  oeite  n 

*wr  bean 

c.  C - 1 1 9  Venus  sc-6 

?or  the  S3?  DC-6$  sold  (Table  J - S 3  #  Douglas  received  a 
total  of  $701,630,000.  Tbs  total  empty  weight  delivered  was 
28,238,000  pounds .  On  a  pricc-per-pound  basis,  the  P£>6  cost 
$28.11.  On  a  useful -capacity  basis,  the  total  pounds  delivered 
was  26,275,Q23--giving  $30.1?  per  pound. 

the  cost  of  the  first  S3?  (total  nuaber  of  DO&s  built) 
C‘119s  was  $S96,?00,000  (table  J-3).  It  is  increased  bv  4.6 
percent,  for  &  total  of  $624,100,000.  Total  esapty  weight  de¬ 
livered  for  S3?  planes  was  2?, 480, 000  pounds;  total  useful 


J-5 .  nC-6  PROGRAM  DATA 


Vesr(s) 

Model 

Empty 

Height 

(thousand 

Pounds) 

NumSer 

Delivered 

Empty 
Weight 
Delivered 
(thousand 
pounds ) 

Useful 
Cepeei ty 
Dell  vered 
( thousand 
pounds ) 

Price 
(million 
Current  J) 

Price 
(*i 1 1  ion 
1970  t) 

Tote  1 
Price 
(million 
1970  J) 

1947- 

19*9 

DC-6 

51.5 

150 

7.  >25 

6,856 

.69* 

1.05 

157.50 

1950. 

1952 

0C-6.A.8 

52.8s* 

114 

6.019 

5,720 

.97* 

1  .42 

161.88 

1953 

0C-6,A,8 

52 . 86 

69 

3  ,643 

3,462 

1.10 

1.57 

108.33 

1954 

0C-6.A.8 

52. 86 

41 

2,165 

2.057 

1.20 

1  .69 

69.29 

1955 

DC-6 , A , S 

52. S'* 

14 

739 

703 

1.25 

1.74 

24.36 

1956 

0C-6.A.8 

52. 8b 

39 

2,059 

1  .957 

1.30 

1.78 

69.42 

1957 

0C-(i,A,8 

52. 8C 

44 

2,323 

2,208 

1.30 

1  .  76 

77.44 

1958 

DC-6, A, 6 

S2  .a5 

V 

65 

3,432 

3.262 

1.40 

1.87 

121.55 

1959 

DC-4. A, B 

52.8“ 

._i 

53 

_ |i 

1.40 

1.86 

1.86 

|  Total 

—  _ _ 

537 

28,158 

26.2’S 

791.63 

. . . - 

4Aver*ge  price  for  the  three-yter  ip*r>. 
^Average  weight  for  the  various  models. 


capacity,  15.436.G6S  pounds .  The  price  per  pound  of  empty 
weight  for  the  C-119  was  $29.06;  the  price  per  pound  of  useful 
capacity ,  $40.43.  fhe  ratio  of  the  C-119  price  per  pound  of 
empty  weight  to  the  DC-6  price  per  pound  of  empty  weight  is  1.03. 
Ihe  two  are  very  close  in  price  per  pound  of  empty  weight.  How¬ 
ever,  on  a  useful -capacity  basis,  the  ratio  of  the  C-119  price 
per  pound  to  the  DC-6  price  per  pound  is  1. 34- -  indicating  that 
the  DC-6  cost  about  34  percent  more. 

d.  C-119  Versus  DC-7 

A  total  of  336  &C-?§  was  delivered,  for  a  total  of 
$1,052,110,000  (19 TO  dollars)  paid  to  Douglas  (Table  J-6).  The 
total  empty  weight  of  the  D€-?s  was  23,154,000  pounds;  total 
useful  capacity,  1?, 865, 509  pounds.  On  a  basis  of  price  per 
pound  of  empty  weight,  the  DC-?  cost  $44.58,  on  s  basis  of  price 
per  pound  of  useful  capacity,  SS'/.TT. 

in  order  to  compare  the  C-119  and  the  DC-7,  we  will  find 
the  cost  of  the  first  336  planes  (Table  J-5).  The  total  RDT6E 
and  procurement  cost  must  be  increased  by  4.6  percent  to  account 
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TaOle  vJ-6,  OC-T  PROGRAM  DATA 


v**r 

Model 

Empty 

Weight 

(thousend 

pounds) 

Number 

Del i vered 

Empty 

Weight 

Del Ivered 
(thousend 
p'-un'is) 

Useful 
Censdty 
Dell vered 
(thousend 
pounds) 

Price 
(million 
current  J) 

Price 
(ml  1 1  ion 
1970  $) 

Tote  1 
Price 
(ml lllsb 
1970  1} 

1953 

PC-7 

66.3 

11 

729 

615 

1.60 

2.28 

25.08 

1954 

DC-7, 8. C 

69.0* 

48 

3,312 

2 ,5*8 

1.93b 

2.72 

130.56 

1955 

DC-7.S.C 

69. 01 

30 

2.070 

1 ,59? 

2.07b 

2.87 

86.56 

1956 

0C-7.B.C 

69.0* 

67 

4,623 

3.555 

2.25b 

3.08 

206.36 

1957 

0C-7.B.C 

69. C* 

123 

9. '87 

6,529 

2.32b 

3.14 

386.22 

1958 

M.-7.8.C 

69.0* 

_il 

3,933 

3,026 

2.6C 

3.47 

197 . 79 

Tot 

el 

_ - 

336 

23,154 

17,866 

1  .032.1  1 

|*Averege  Wblght. 
[bAverege  price. 


for  investment  of  government  C3.pit.al.  The  total  program  cost 
for  336  C-119s  is  $177,323,580.  Total  empty  weight  delivered 
came  to  13,440,000  pounds;  total  useful  capacity,  9,658,320 
pounds.  The  price  of  the  C-119  is  then  $28.07  per  pound  of 
empty  weight  and  $39.07  per  pound  of  ful  capacity.  The  ratio 
of  the  C119  price  per  pound  of  empt,  weight  to  that  of  the  DC- 7 
($28.07/544.58)  was  0.63.  It  appears  that  the  price  per  pound 
of  empty  weight  for  the  C-119  was  about  37  percent  less  than 
that  of  the  DC- 7.  Or  a  bast?  of  useful  capacity,  the  ratio  of 
the  C-119  price  per  pound  to  that  of  the  DC- 7  ($39. 07/JS7. 77) 
was  0.63--indicating  that  the  price  per  pound  of  the  C-119  was 
about  32  percent  less  than  that  of  tne  DC- 7. 

a .  C-123  Versus  Cofivair  240,  340,  440 

When  comparing  coeasrcial  and  military  programs  in  which 
sore  common  ial  pl«r*s  were  produced  than  military  planes,  wo 
must  use  another  mechoo.  To  estimate  projected  costs  of  the 
military  aircraft  (0123),  a  least-squares  regression  line  was 
fitted  through  actual  cost  points.  A  progress  curve  was  then 
drawn  of  the  cumulative  average  cost  versus  cumulative  quantity. 
The  C- 123  program  is  shown  in  Table  J-7,  and  its  prog-ess  curve 
is  given  in  Figure  J-l.  Since  cnJy  472  C-123s  w*ere  produced, 
the  progress  curve  of  Figure  J-l  was  extended  to  a  production 
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quantity  of  563  planes  (total  number  of  240s,  340s,  and  440s 
built).  Developed  on  a  cumulative-average  basis ,  the  curve 
determined  that  through  unit  563  the  cumulative  average  flyaway 
cost  would  have  been  $865,000,  The  RTTOE  spent  on  the  program 
was  estimated  as  50  times  the  cumulative  average  cost  of  100 
units.  Since  the  progress  curve  shows  cumulative  average  cost 
to  be  $1,220,000,  the  RDT§E  would  be  $61  million.  The  /'ost  for 
the  entire  program  through  563  planes  would  be  (RDT6E  plus  pro¬ 
curement)  as  follows: 

RDTSE  $  61,000,000 

Procurement  (563  x  $565,000)  +  486,995,000 

$547,995,000 

Return  on  government  investment  x  046 

=$573,20^,770 

Table  J-7.  C-123  PROGRAM  DATA3 


Year 

Number 

Del i vered 

Unit  Flyaway 
Cost 

(mi i i ion 
1970  $) 

1952 

1 

1.62 

1953 

186 

1.09 

1954 

1 6  4  b 

0.82 

1955 

73 

0.66 

1956 

42 

0.82 

1957 

Total 

6 

472 

0.73 

aAverage  empty  weight:  31,050 
pounds;  average  useful  capacity: 
26,950  pounds;  RDT&E  estimate: 
$61  million  (1970  dollars). 

bFor  comparison  with  DC-7,  "num¬ 
ber  delivered"  ended  here  with 
149  of  these  164.  Unit  price 
in  1954  Is  assumed. 


J-8 


u rJKWUii li-VJOifc-V 


•>i ‘Si  Hi 


HiiSiiiVlitalH 


The  program  cost  is  increased  by  4.6  percent  to  account  for 
government  capital  investment.  This  cost  is  divided  by  total 
pounds  (empty  weight  of  one  plane  times  563  planes)  to  give  the 
price  per  pound  of  empty  weight  to  the  military.  The  empty 
weight  of  the  C-123  is  31,050  pounds.  If  563  planes  had  been 
built,  the  total  empty  weight  delivered  would  have  been 
17,481,150  pounds.  Thus,  the  price  per  pound  of  empty  weight 
for  the  C-123  was  $32.79.  The  price  per  pound  of  useful  capa¬ 
city  was  derived  similarly:  563  x  26,950  pounds  *  15,172,850 
pounds  of  useful  capacity;  thus,  the  price  per  pound  of  useful 
capacity  was  $37.78. 

The  previously  derived  price  per  pound  of  empty  weight  for 
the  Convair  240,  340,  440  was  $27.55;  price  per  pound  of  useful 
capacity,  $48.98  (see  Table  J-2).  On  an  empty-weight  basis, 
the  ratio  of  the  military  C-123  to  the  commercial  Convair  series 
is  1.19  (the  C-123  cost  19  percent  more  per  pound);  on  a  useful- 
capacity  basis,  the  ratio  is  0.77  (the  C-123  cost  23  percent 
less  per  pound). 


f .  C-1?3  Versus  Lockheed  Constellation  Series 

From  the  C-123  progress  curve  (Figure  J-l),  we  see  that 
had  519  (the  number  of  Constellations  built)  C-123s  been  built, 
the  cumulative  average  flyaway  cost  of  the  519  planes  would 
have  been  $880,000  (1970  dollars).  The  total  procurement  cost 
would  then  be  $456,720,000.  The  estimated  ROT  §  It  cost  was  $61 
million.  The  cost  of  the  program  projected  through  519  units 
would  then  be  the  sum  of  the  RDT8E  and  .procurement :  $317,720,000. 

This  amount  must  be  increased  by  4.6  percent,  so  that  the  total 
*.o' t  to  the  military  for  519  .€•  123s  would  be  $541,500,000.  Total 
ee Tii/  l**  1  ght  delivered  would  be  16,110,000  pounds;  iota!  useful 
capacity,  pound**  The  cost  of.  the  C-123  is  $33. op  per 

pound  of  empty  weight  and  $39.02  per  pound  of  useful  capacity. 

The  Constellation  co:U  $31.55  per  pound  of  empty  weight  and 
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$41,24  per  pound  of  useful  capacity  (see  Table  J-4).  The  ratio 
of  the  C-123  price  per  pound  of  empty  weight  to  the  Constellation 
price  per  pound  of  empty  weight  is  1.06.  On  a  basis  of  useful 
capacity,  the  ratio  of  the  C-123  price  peT  pound  to  the  Constella¬ 
tion  price  per  pound  is  0.95. 

g.  C-123  Versus  DC-6 

From  the  C-123  progress  curve  (Figure  J-l),  we  note  that  for 
S37  planes  (the  number  of  DC-6s  built)  the  cumulative  average  fly¬ 
away  cost  is  $070,000.  Thus,  for  a  total  of  537  planes,  the  pro¬ 
curement  cost  would  have  been  $467,190,000.  Estimated  RDT6E 
spent  on  the  program  was  $61  million,  for  a  program  cost  of 
$528,190,000.  Since  this  figure  must  be  increased  by  4.6  percent 
to  account  for  government -provided  capital,  537  C-123s  cost  a 
total  of  $552,500,000.  Total  empty  weight  delivered  on  537 
planes  is  16,670,000  pounds;  total  useful  capacity,  14,322,1?4 
pounds.  Thus,  the  C-123  cost  $33.13  per  pound  of  empty  weight 
and  $38.58  per  pound  of  useful  capacity.  The  DC-6  cost  $28.11 
per  pound  of  empty  weight  and  $30,13  per  pound  of  useful  capacity 
(see  Table  J-S),  Comparing  the  military  and  the  civilian  plane 
on  bases  of  empty  weight,  and  useful  capacity  yields  ratios  of 
1.18  and  1.28,  respectively.  The  C-123  cost  about  18  percent 
@or*  per  pound  of  empty  weight  than  the  DC -6  and  about  28  per¬ 
cent  more  per  pound  of  useful  capacity. 

h.  0123  Verm  QC-7 

Since  more  D€-7s  were  built  than  C-lSSs,  it  was  not  neces¬ 
sary  to  project  beyond  the  actual  number  of  €-123$  that  were 
built.  The  procurement  and  RDT5E  for  336  C-123&  was  $387,720,000 
in  1970  dollars  (see  Table  J*7).  To  account  for  government  capi¬ 
tal  investment,  this  figure  is  increased  by  4.6  percent,  to 
$405,600,000.  Total  empty  weight  delivered  of  336  aircraft  is 
10,420,000  pounds;  total  useful  capacity,  9,324,000  pounds. 


Thus,  the  C-123  cost  $38.94  per  pound  of  empty  weight  and  $43,50 
per  pound  of  useful  capacity.  For  comparison,  the  DC- 7  cost 
$44. S8  per  pound  of  empty  weight  and  $57.77  per  pound  of  useful 
capacity  (see  Table  J-6).  On  bases  of  empty  weight  and  useful 
capacity,  military  and  civilian  plane  comparisons  yield  ratios 
of  0.87  ($38* 94/ $ 44 . 58)  and  0.75  ($43. 50/$57. 77) ;  the  C-123  cost 
roughly  13  percent  less  per  pound  of  empty  weight  than  the  DC- 7 
and  25  percent  less  per  pound  of  useful  capacity. 

i .  C-124  Versus  Convair  240,  340,  440 

The  procurement  figures  for  the  C-124  are  shown  in  Table  J-8, 
and  its  calculated  progress  curve  is  presented  in  Figure  J-2. 

Table  J-8.  C-124  PROGRAM  DATA3 


Year 

Model 

Number 

Del i vered 

— 

Unit  Flyaway 
Cos  t 

(mill  ion 
1570  $) 

1949 

C-  I24A 

28 

3.31 

1950 

C-124A 

50 

1.88 

1951 

C-124A,C 

165 

2.76 

1952 

C-124C 

151b 

2.3G 

1953 

C-124C 

ii 

2.33 

Total 

446 

aAverage  empty  weight:  101,165  pounds;,  aver¬ 
age  useful  capacity:  1)5,235  pounds; 
estimate:  $132  million  (1970  dollars). 

kfor  comparison  with  DC-7,  “number  delivered"  * 
ended  here  with  93  of  these  151.  Unit  price 
in  1952  is  assumed. 


From  the  progress  curve  (Figure  J-2),  wo  see  that  the  cumula¬ 
tive  average  cost  ot  100  C-124s  is  $2 ,.640,000.  Thus,  the  aDTGH 
cost  is  estimated  to  bo  SO  x  $2,649,000,  or  $132  million.  Had  563 
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(the  total  number  of  240s,  340s,  and  440s)  planes  been  built, 
the  cumulative  average  flyaway  cost  would  have  been  $2,430,000 
(Figure  J- 2).  The  procurement  cost  for  S63  aircraft  is 
$2,430,000  x  563,  or  $1,368,090,000.  The  total  program  cost  is 
$1,500,090,000  (RDT$E  +  procurement).  This  total  must  now  be 
increased  by  4.6  percent  to  account  for  government -provided 
capital,  for  a  total  of  $1,569  million.  Total  empty  weight 
delivered  for  S63  aircraft  was  56,960,000  pounds;  total  useful 
capacity,  64,877,305  pounds.  The  cost  per  pound  of  empty 
weignt  for  the  C-124  was  $27.55;  the  cost  per  pound  of  useful 
capacity,  $24.18.  The  Convair  240,  340,  440  also  cost  $27,55 
per  pound  of  empty  weight,  but  $48.98  per  pound  of  useful 
capacity  (see  Table  J-2).  The  two  planes  are  equal  in  price 
per  pound  of  empty  weight;  but,  on  a  basis  of  useful  capacity, 
the  C-124  cost  SI  percent  less  than  the  Convair  240,  340,  440 
in  price  per  pound. 

j .  C-124  Versus  Lockheed  Constellation 

The  RDTCE  cost  of  the  C-124  is  estimated  to  be  $132  mil¬ 
lion.  In  projecting  the  progress  curve  (Figure  J-2)  to  unit  519 
(total  number  of  Constellations  built),  we  see  that  the  cumula¬ 
tive  average  cost  of  519  aircraft  is  $2,450,000.  Thus,  the 
procurement  cost  for  production  of  519  C-124$  would  have  been 
$1,2*1,550,000.  Including  RDT&E,  the  program  cost  is  then 
$1,403,550,000.  To  account  for  government  -  funded  capital  sup¬ 
plied  to  the  contractor,  this  figure  is  increased  by  4.6  per¬ 
cent  to  a  total  of  $1,468  million.  Total  pound'  of  empty  weight 
delivered  for  S 19  planes  was  52,500,000;  total  pounds  of  useful 
capacity,  59.506,965.  The  C-124  cost  $27.95  per  pound  of  empty 
weight  and  $24.55  per  pound  of  useful  capacity.  From  the  analy¬ 
sis  for  the  Constellation  (Table  J-4).  we  saw  that  it  cost 
$31.55  per  pound  of  empty  weight  and  $41.24  per  pound  of  useful 
capacity.  In  comparing  the  military  plane  to  the  civilian,  the 
ratio  per  pound  of  empty  weight  is  0.89;  and  the  ratio  per  pound 
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of  useful  capbcity  is  0.60.  Thus,  the  military  C-124  cost  about 
11  percent  less  per  pound  of  empty  weight  than  the  Lockheed  Con¬ 
stellation  and  40  percent  less  per  pound  of  useful  capacity. 

k-  C-124  Versus  DC-6 

Estimated  RDT§E  for  the  C-124  is  $132  million.  From  the 
progress  curve  (Figure  J-2),  we  note  that  through  unit  537 
(total  number  of  DC -6s  built)  the  cumulative  average  cost  is 
$2,440,000.  Thus,  if  a  total  of  537  C-124s  had  been  built, 
they  would  have  cost  $1,310  million.  The  program  cost  would 
then  be  $1,442  million.  Since  this  total  must  be  increased  by 
4.6  percent,  the  total  program  cost  would  be  $1,509  million. 
Total  pounds  of  empty  weight  delivered  for  537  aircraft  would 
be  54,300,000;  total  pounds  of  useful  capacity,  61,881,195. 

The  C-124  cost  >27.77  per  pound  of  empty  weight  and  $24.39  per 
pound  of  useful  capacity.  In  comparison  with  the  DC-6,  which 
cost  $28.11  per  pound  of  empty  weight  and  $30.13  per  pound  of 
useful  capacity  (see  Table  J-5'J,  the  military  costs  per  pound 
of  empty  weight  and  per  pound  of  useful  capacity  versus  the 
commercial  costs  pe:r  pound  of  empty  weight  and  per  pound  of 
useful  capacity  yield  ratios  of  0,99  and  0.81,  respectively. 

1 .  C-124  Versus  DC-7 

Projected  costs  are  not  needed  for  comparison  here,  since 
more  C-124s  were  produced  than  DC-?s.  The  C-124's  total  cost, 
including  RDT6E,  through  336  planes  is  $988,120,000  (Table  J-8). 
To  account  for  government -funded  capital  supplied  to  the  con¬ 
tractor,  the  total  cost  is  increased  by  4,6  percent,  to  total 
$1,033  million.  Delivering  33,900,000  pounds  of  empty  weight 
and  38,718,960  pounds  of  useful  capacity,  the  C-124  cost  $30.45 
per  pound  of  empty  weight  and  $26.68  per  pound  of  useful  capa¬ 
city.  The  price  per  pound  of  espty  weight  for  the  DC- 7  is 
$44.58;  the  price  per  pound  of  useful  capacity,  $57.77  (see 
Table  J-6).  The  ratios  of  the  cost  per  pound  of  empty  weight 
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and  per  pound  of  useful  capacity  for  the  C- 124  to  the  cost  per 
pound  of  empty  weight  and  per  pound  of  useful  capacity  for  the 
DC-7  are  0.68  and  0.46,  respectively.  On  a  basis  of  price  per 
pound  of  empty  weight,  the  C-124  cost  32  percent  less  than  the 
DC- 7;  and  on  a  basis  of  price  per  pound  of  useful  capacity,  S4 
percent  less. 

2 .  Turboprop  Aircraft  -  Case  Study:  C-130  Versus  Electra 

The  Electra  was  the  only  turboprop  commercial  airliner 
completely  designed  and  produced  in  the  United  States.  It  was 
developed  by  Lockheed  and  powered  by  four  Allison  turboprop 
engines.  Lockheed  also  developed  for  the  U.S.  Air  Force  the 
C-130  transport,  powered  by  the  same  basic  engine. 

Table  J-9  presents  data  for  the  Electra  airliner.  Note 
that  the  total  program  consisted  of  164  aircraft  delivered 
over  the  four-year  period,  1958-61.  Sales  prices  are  shown  in 
both  current  and  1970  dollars.  Total  empty  weight  delivered 
was  9,212,000  pounds;  total  useful  capacity,  9,320,700  pounds. 
The  total  receipts  from  flyaway  sales  to  the  airlines  were 
$492,670,000  (in  1970  dollars).  In  1961-62,  Lockheed  reported 
a  total  write-off  loss  of  1120,738,000  on  the  Electra.  This 
loss  converted  to  1970  dollars  is  $153,337,360.  Thus,  the  total 
cost  to  Lockheed  for  the  Electra  program  was  $646,007,260. 

He'  C9,  for  the  Lockheed  Electra.  the  actual  price  per  pound  of 
empty  weight  was  $70,13;  and,  per  pound  of  useful  capacity, 

Table  J - 10  presents  data  for  the  c-130  similar  to  that  for 
the  Electra.  Table  J-10  includes  only  the  first  164  C-130AS 
delivered  sc  as  to  normalise  the  number  of  military  "vircrift  to 
the  total  number  in  the  Electra  program,  have  assumed  that 
the  total  weapon- system  cost  for  the  first  nine  aircraft  was 
made  up  solely  of  flyaway  and  R0T§E  costs.  Since  there  were  so 
few  aircraft,  the  spares  and  groond-support-equipaent  procure- 
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Tible  J-9.  ELECTRA  PROGRAM  DATA 


Empty 
Weight 
(thousand 
Year  pounds) 


958  56.0 

S59  56.0 

1960  56.0 

1961  57.3* 
Total 


Empty 

Weight 


Useful 

Capacity 


Number 
Del  1 vered 


Oallvered  Delivered 
(thousand  (thousand 
pounds)  pounds) 


672 
5 ,9S2 
1  ,345 

1*101 

9,212 


Price 

Price 

(million 

(million 

current  $) 

1970  $} 

2.Q53 

2.74 

2.265 

2.99 

2.290 

2.94 

2.600 

3.30 

Total 

Price 


70.56 

69.30 

492.67 


I  Strengthen'id  wing  introduced  in  production  in  early  1961.  Aircraft  delivered 
1  earlier  ware  modified. _ _ 


Year  Model 


952 

953  YC-130A 

954 

955  I C-13QA 

956 

1957  | C-130A 


Table  J-10.  C-130  PROGRAM  DATA 


Useful 
Capacity 
Del  i vered 
(thousand 
pounds ) 


59.33 

59.33 

59.33 

69.33 

59.33 
59.33 


Number 
Deli vered 

Empty 
Weight 
Dell vered 
(thousand 
pounds) 

0 

-- 

2  t 

ft 

534 

20 

1.187 

48 

2,843 

8« 

4.984 

JC 

178 

164 

9,731 

f»om  and 


ROT  &  E  and 


Procurement  Procurement 


Cost 

(million 
current  I) 


Cost 

(million 
1 970  J) 


227.45 


2.5 
162.40 


761.65 


j*Total  program  funds. 

^flyaway  costs  only. 

e?art  of  an  order  for  45  C*130As;  unit  price  assumed  va«e  IS  for  1957: 


raent  in  that  first  increment  was  probably  snail.  For  the  sub¬ 
sequent  years,  we  have  used  only  the  flyaway  costs,  on  the 
assumption  that  tho  RBTSB  phase  should  have  been  neatly  con* 
pleted  after  the  delivery  of  the  first  nine  aircraft.  Using 
these  assumptions ,  the  empty  weight  for  the  first  164  aircraft 
delivered  vis  9,7*1,600  pounds  (and  the  useful  capacity, 
10,659,008  pounds) ,  for  a  total  cost  to  the  Air  Force  of 
$’’61,650,000  (see  Table  J-10) .  To  account  for  government- 


provided  capital,  the  price  paid  to  Lockheed  should  be  increased 
by  4.6  percent,  for  a  resulting  $796,685,900.  Hence,  the  aver¬ 
age  price  per  pound  of  empty  weight  for  the  C-130  program  for 
the  first  164  aircraft  was  $81.87;  the  average  price  per  pound 
of  useful  capacity,  $74.88. 

The  ratio  of  price  per  pound  of  empty  weight  for  the  C-130 
versus  the  Electra  was  $81.87/$70. 13,  or  1.17;  the  ratio  of 
price  per  pound  of  useful  capacity,  $74.88/$69  31,  or  1.08.  In 
other  words,  the  comparison  of  these  two  programs  indicates  that 
DoD  paid  17  percent  more  per  pound  of  empty  weight  (and  8  per¬ 
cent  more  per  pound  of  useful  capacity)  for  the  C-130  than  the 
commercial  airlines  paid  for  the  similar  Electra.  Access  to 
data  at  Lockheed  confirmed  our  general  results.  The  C-130  re¬ 
quired  more  production  man-hours  per  pound  than  the  Electra. 

3.  Jet  Aircraft  -  Case  Studies 

a •  KC- 1 35/C- 1 35  Versus  Boeing  70? 

The  KC-135/C-135  was  compared  to  its  commercial  equivalent, 
the  Boeing  707.  Total  empty  weight  delivered  on  704  KC - 135/ 
C-135s  (the  total  number  of  707s  delivered  through  1972)  was 
68,648,000  pounds;  total  useful  capacity,  108,496,710  pounds, 

The  total  procurement  and  RDT§E  cost  of  $3 , 290 , 360 ,000  (see 
Table  J-U)  increased  by  4.6  percent  for  government- funded  capi¬ 
tal  yields  a  total  of  $3,441,716,560,  for  a  cost  per  pound  oi 
empty  weight  of  $50.14  for  the  KC- 135/C- 13$  program  and  a  cost 
per  pound  of  useful  capacity  of  $51.72.  Total  sales  of  the  707 
came  to  $5,549,680,000  (see  Table  J-12).  Total  pounds  of  empty 
weight  delivered  was  89,134,000,  for  a  price  of  $62,26  per 
pour.t*  cf  empty  weight  on  the  Boeing  707;  total  pounds  of  useful 
capacity  was  118,056,373,  for  a  price  of  $47.02  per  pound  of 
useful  capacity.  The  ratio  of  the  price  per  pound  of  empty 
weight  for  the  KC- 135/C- 135  to  the  price  per  pound  of  empty 
weight  for  the  Boeing  707  is  G.B0;  the  ratic  of  the  price  per 
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pound  of  useful  capacity  for  the  KC-135/C-135  to  the  price  per 
pound  of  useful  capacity  for  the  Boeing  707  is  0.67.  Thus,  on 
a  basis  of  price  per  pound  of  empty  weight,  the  KC-135/C-135 
cost  approximately  19  percent  less  than  the  comparable  Boeing 
707;  and,  on  a  basis  of  price  per  pound  of  useful  capacity, 

33  percent  less. 


Table  J-M.  KC-135/C-135  PROGRAM  DATA 


Year 

! 

Model 

Empty 

Weight 

(thousand 

pounds} 

r~ — - - 

Number 

Delivered 

Empty 

Weight 

0ell»eF5i 

(thousand 

pounds) 

Useful 
Capacl ty 
Delivered 
(tftou;and 
pu^ds)  1 

Procurement 

Cost 

(million 
current  $)* 

RDTIE  and 
Procurement 
Cost 

(million. 
1970  »)° 

1953 

KC-135A 

97 

29  ] 

2,813 

1 1  —  '  1 

4  43? 

281.J 

390.31 

1936  | 

KC-135A 

97 

68 

6,596 

10,404 

295.8 

405.25 

1957 

KC-135A 

97 

118 

11,446 

18,054 

398.6 

i^.91 

1950 

KC-1 35A 

97 

130 

12,610  j 

19.890 

368.6 

492.0* 

1959 

KC.13SA 

97 

81 

7,857 

12,394 

216.5 

283.35 

1960  ! 

KC-135A 

C-13SA 

97 

105 

561 

10? 

6,482c 

8,?,b81 

1 .704? 

171.1** 

2 1 9. 86 

1961 

KC-135A 

c-usa.b 

97 

105 

651 

20  f 

8.405c 

3.409? 

206. 2d 

261.87 

1962 

ite-usA 

C-135B 

9? 

103 

8*1 

1 5  * 

9,723c 

12,852 \ 
2.557? 

273.3d 

347.09 

1963 

KC-1 ?SA 

97 

28* 

2.716 

4.234 

63.5 

80.64* 

Tot 

*1 

704 

i  63.648  j 

103.49?  j 

: 

3 ,29h  36 

*Hy*w*y  costs  only. 

&Af»  30T4I  3?  10  tteeS  life  Cueu’atlve  average  cots  sf  tOO  units,  or 

SO  *  S.J8  *  209. 00 

"The  total  delivered  are  proraud  by  gu««t»ty  »«*d  weight  pf  the  two  ecdels. 

‘Tot*!  7ty»*ay  costs  for  Oath  0ro$r«*t. 

BP*rt  of  a  tot  9t  88;  \«tt  girls*  tn  1963  assumed. 


b.  C-SA  Versus  Boeing  747 

Developed  at  about  the  sane  Use,  the  Lockheed  C-SA  and 
the  Boeing  747  are  similar  in  sire,  technology,  and  aerodynamic 
performance  characteristics.  However,  seme  of  the  features  in¬ 
corporated  in  the  C-SA  tended  to  increase  its  cost  per  pound  of 
empty  weight  relative  to  that  of  the  747.  in  particular,  the 
C-SA  is  equipped  with  a  sophisticated  inertial  navigation  sys- 
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Tab1«  0-12,  BOEING  707  PROGRAM  DATA 


— — 

Y*er 

■ 

Hod«l* 

E*pty 
Weight 
{ tftuusind 
pounrft)® 

Number 

Deliver*?! 

£»pty 

weight 

Delivered 

(thousand 

pounds) 

Useful 
it»p»city 
Del  1 vered 
( thousend 
pounds i 

Price 

(million  . 
current  $)'• 

Price 
(million 
1970  1) 

Total 
Price 
(million 
1970  1) 

1958 

707-120  ) 

'  '  H 

707-1203 

707-220  1 

117 

7 

ftt  9 

•>} 

4.90 

6.54 

45.78 

707-320  5 

1959 

u 

117 

73 

5.541 

10.147 

4.40 

5.80 

423.40 

I960 

<• 

117 

58 

7.956 

9.452 

5.50 

7.07 

480.76 

1961 

“flui  , 

707-3208 

707-320C ( 

124 

* 

1 .364 

1  ,n  ?2 

5.90 

7.49 

82.39 

707-420  1 

1962 

M 

124 

38 

i  ,71  2 

5.086 

6.20 

7.87 

299.06 

1953 

to 

124 

28 

i.472 

3.748 

6.75 

9.57 

235.96 

1964 

N 

130 

32 

4.160 

5,624 

6.76 

8.48 

271.3* 

1965 

* 

130 

54 

7,020 

9.828 

6.75 

8.27 

446.53 

1966 

“ 

130 

7? 

10,010 

14,014 

7.00 

8.19 

630.  li- 

1967 

- 

no 

113 

14,390 

20,566 

7.25 

a. 21 

92'.'.  73 

1968 

to 

no 

111 

14.430 

?0,202 

7.50 

a.  22 

912.42 

1969 

» 

no 

59 

7.670 

10.738 

8.50 

3.33 

491.47 

1970 

* 

no 

19 

2.470 

3 ,4  38 

8.50 

8.50 

161.50 

1971 

to 

no 

10 

1.300 

I.62C  J 

10.00 

9.72 

57.20 

1972 

tt 

no 

4 

S20 

___Z2I 

;o.50 

9.86 

_ 39^44 

[  tout 

7Q« 

89.134 

116.056  j 

h. 549.68} 

19S8-6G  include  fair  707  me;}*!*;  taSseouert  y *»rt  iretuije  s*v*n  s-c-dels. 
^Averts#  empty  to«1t<ftt  for  4H  aad*lt. 


r«9»  price  Par  a)  1  if  ode  1 1 . 


tea,  has  a  soft- field- landing  capability,  and  iias  both  nose  and 
tail  loading  ramps.  The  soft- field  landing-gear  and  loading 
ramps  add  weight  as  well  as  cost  to  the  airplane  n 6,  c*  thu 
dollar-per-pound  basis  of  our  analysis,  *?a*.  not  be  Mgruficantly 
different  Iron  the  average  dollars  per  pound  for  tha  ?4?  empty 
weight.  However,  the  avionic  equipment  certainly  tends  to  in¬ 
crease  the  price  per  pound  of  the  C-$A  relative  to  that  of  the 
74?. 

Table  J-13  presents  data  for  the  747.  The  747  will  prob¬ 
ably  reasaifs  in  production  for  s  number  of  years.  Numbers  de¬ 
livered  during  the  first  four  years  of  its  production  life  were 
quite  similar  to  numbers  of  DC-8  deliveries  (see  Table  13,  above. 
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Ch.  V).  During  the  first  four  years  of  production,  197  747s  were 
delivered,  compared  to  176  DC- 8s.  We  will  assume  that  total 
deliveries  and  production  life-cpan  will  be  the  same  as  for  the 
DC-8  (556  airplanes  and  15  years). 


Table  J-13.  BOEING  747  PROGRAM  DATA* 


Year 

Number 

De  1 1  ve  re  d 

Pri  ce 
(million 
current  $) 

Pri  ce 
(million 
1970  $) 

1969 

4 

15.0 

CO 

1970 

92 

21,0 

21.0 

1971 

62 

23.5 

2.1.9 

1972 

30 

24.0 

22.6 

Total 

195 

* 

Average  empty  weight:  355,000  pounds; 
average  useful  capacity:  347,484  pounds. 


Table  J-14  shows  prices  in  current  and  constant  dollars 
for  the  Boeing  707-320.  Over  the  IS-year  period,  the  price  of 
the  707-320  has  increased  at  an  average  of  2. IS  percent  per 
year  in  real  terms.  Assuming  that  the  747  will  increase  at 
this  same  rate,  its  average  price  (at  the  midpoint  of  its  pro¬ 
duction  life)  will  be  $19,800,000  x  (1.0215)'  *  $23  million  in 
1970  dollars.  Total  receipts  from  flyaway  sales  prices  to  the 
airline  would  be  SS6  x  $23  million  -  $12,800  million;  and  empty 
weight  delivered  would  be  SS6  x  355,003  »  197  sillier.  pounds. 
Hence,  the  price  per  pound  to  the  airlines  would  be 
$12,800  million  /  197  million  -  $64.97, 

Table  J-i.5  presents  C  SA  program  cost  data.  The  current- 
year  dollar  figures  have  be*n  converted  to  1970  dollars  b-*  the 
cost  index  of  Table  J-i.  A  total  of  81  ai~oUnes  was  buslt. 
Unit  flyaway  costs  were  converted  to  a  cumulative -average  basis 
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Table  J-  14.  BOEING  707-320  PRICES 


Year 

Current 

Do!  1  ars 
(mill  ions ) 

1  970  | 
Dollars  i 
(millions) 

1858 

5.4 

7.2 

196  1 

6.0 

7.6 

U62 

6.2 

7.9 

19?  3 

6.8 

8.6 

1 9b4 

5.8 

t  5 

1965 

6.8 

8.3 

1966 

;.i 

8.3 

1971 

8,5 

8.3 

1972 

10.3 

9.7 

Tf  J  - 1 5 .  C-5A  PROGRAM  COSTS 


Year 

- 

RDT&E 
(million 
1970  $) 

' 

Procurement 

(million 

1970  $) 

Quanti ty 

Unit 

clyaway 

Cost 

(million 
1970  $) 

1 96  •">) 

*•  - 

1965  / 

550.6 

-- 

19661 

5 

110.1 

1  967/ 

728.4 

8 

r  ^ 

1968 

770.3 

18 

4  c  ,6 

1 969 

776.0 

27 

28.7 

1970 

-  - 

775.9 

23 

32.9 

Total 

550.6 

3,030.6 

81 

and  plotted  on  Figure  J-3,  and  a  trend  line  was  fitted  through 
the  points.  We  have  assigned  all  the  RDT§E  co"t  ($530.6  million) 
to  the  flyaway  cost  of  the  five  R$D  aircraft.  This  data  point 
appears  consistent  with  the  four  other  data  points  of  Figure  J-3. 
The  resulting  progress-curve  slope  is  80  percent,  a  typical  value 
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553 


for  aircraft  progress  curves.  It  is  possible  that  there  were 
some  other  RDT§E  costs  not  included  in  the  $550.6  million  figure. 

In  order  to  normalize  the  C-5A  program  prices  for  number  of 
aircraft  built,  it  is  estimated  from  Figure  J-3  that  the  C-5A 
cumulative  average  cost  would  have  been  $25.3  million  if  produc¬ 
tion  had  been  continued  to  a  total  of  555  aircraft.  C-5A  total 
cost  for  a  program  of  556  aircraft  would  have  been  556  x 
$25,300,000  -  $14,066,800,000.  This  figure  is  probably  somewhat 
low  for  two  reasons :  (1)  as  discussed  above,  we  may  be  missing 

some  RDT5E  costs  other  than  the  five  R$D  aircraft  flyaway  costs; 
and  (2)  Lockheed  lost  money  on  the  program.  No  attempt  has  been 
made  to  correct  for  these  two  factors.  To  account  for  government- 
provided  capital ,  the  price  paid  to  Lockheed  should  be  increased 
by  4.6  percent:  $14,066,800,000  x  1.046  =  $14,713,872,800. 

The  empty  weight  of  the  C-5A  is  o21,000  pounds.  Hence, 
total  empty  weight  for  556  aircraft  would  have  been  556  x 
321,000  -  178,476,000  pounds;  and  the  average  price  per  pound 
of  empty  weight  for  a  C-5A  program  of  556  aircraft  would  have 
been  $14,713,872,800/178,476,000  *  $82.44. 

The  ratio  of  price  per  pound  of  empty  weieht  for  the  C-5A 
versus  the  747  was  $82 . 4 4 / $ 6 4 . 97  53  1.27.  The  price  per  pound 
of  empty  weight  for  the  C-5A  was  about  27  percent  greater  than 
for  the  747. 

Using  the  same  cost  data  as  described  above  for  the  C-5A 
and  the  Boeing  747,  but  comparing  costs  per  pound  of  the  two 
aircraft  on  a  basis  of  useful  capacity  (instead  of  empty  weight) , 
our  results  showed  the  C-5A  to  cost  about  6  percent  less  than 
the  Boeing  747.  One  argument  for  this  change  in  ratios  can  be 
explained  by  reference  to  our  definition  of  useful  capacity  as 
aircraft  maximum  gross  takeoff  weight  minus  empty  weight.  As 
mentioned  previously,  the  empty  weights  of  the  two  aircraft  are 
close,  with  the  C-5A  only  30,000  pounds  lighter;  but  the  maximum 
gross  takeoff  weight  of  the  C*5A  is  greater  by  approximately 
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60,000  pounds  than  that  of  the  Boeing  747.  Thus,  80,000  pounds 
per  C-SA  aircraft  will  be  included  ia  the  total  pounds  to  be 
divided  into  the  same  cost  used  for  empty  weight.  Actual  useful- 
capacity  data  for  the  C-5A  are  S56  x  424,821  pounds  »  236,200,476 
pounds  of  useful  capacity;  the  average  price  per  pound  of  useful 
capacity  for  556  aircraft  would  have  been  $14,713,872,800  / 
236,200,476  »  $62.29.  Similarly,  for  the  Boeing  747,  we  would 
have  556  x  347,484  pounds  *  193,201,104  total  pounds  of  useful 
capacity;  the  average  price  per  pound  of  useful  capacity  would 
have  been  $12,800  million  /  193,201,104  *  $66.25.  Therefore, 
the  ratio  of  price  per  pound  of  useful  capacity  for  the  C-SA 
versus  the  Boeing  747  was  $52.29/$66.25  »  Q,94--indicating  that 
the  C-5A  cost  about  G  percent  less  than  the  Boeing  747. 


c.  8-52  Versus  Boeing  707 

In  Table  J-12,  it  was  shown  that  the  average  costs  pcr 
pound  of  empty  weight  and  of  useful  capacity  for  704  Boeing  707s 
were  $62.26  and  $47.01,  respectively ,  The  comparable  data  for 
the  B- 52  are  shown  in  Table  J-16.  The  production  quantity  data 
were  taken  from  Project  BACKFILL  [24];  the  cost  data  were  pro¬ 
vided  by  the  Cost  and  Economic  Analysis  Division,  Comptroller 
of  the  Air  Force  (AFACM) ;  and  the  empty  weights  for  each  model 
of  B-S2  were  taken  from  the  USAF  Standard  Airaraft/Mieeile 
Charaoteriotiaa  (Green  Book). 


Before  normalizing  for  quantity  for  the  comparison  with 
the  707  program,  the  total  B- 52  program  cost  (per  pound  of 
empty  weight)  works  out  as  llows: 


Total  flyaway  cost 
Preproduction  R$D 

Factor  for  government  capitalization 
Total  empty  weight 


$8 ,030,600,000 

♦  245,100,000 
$8,275,700,000 

x _ 1.046 

$8,656,380,000 

*  129,469,014  lb 

=  $66. 86/lb 
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Table  J-16.  B-52  PROGRAM  DATA8 


Empty 

Useful 

Total 

Empty 

Weight 

Capacity 

Flyaway 

Weight 

Delivered 

Del  1 vered 

Cost 

(thousand 

Number 

(thousand 
pounds)  « 

( thousand 

(ml  1 1 1  on 

Year 

Model 

pounds ) 

Dell vered 

pounds ) 

1970  $) 

1952 

B-52A.B 

1  76b 

20 

3,556 

5,444 

754.8 

1953 

B-52B.C 

178 

43 

7,646 

1 1,704 

531.6 

1954 

B-52C 

178 

25 

4,445 

6,800 

236.7 

1955 

B-52D 

178 

77 

13,692 

20,958 

833.4 

1956 

B-52D 

B-52E 

178 

175 

931 

40  f 

23,528 

25,3131 

1  1  ,009  f 

1  ,064.2 

1957 

B-52E 

175 

601 

16,5131 

B-52F 

174 

89  > 

35,012 

24,500) 

2  ,003.5 

B-52G 

171 

531 

16,801) 

1958 

B-52G 

171 

101 

17,293 

32,017 

967.9 

1959 

B-52G 

171 

39 

6,677 

12  ,363 

376.2 

1960 

B-52H 

173 

G2 

10,710 

19,546 

769.7 

1961 

3-52H 

173 

40 

6,910 

630 

4S<: .  6 

Tot 

al 

742 

129,469 

203,703 

8,030.6 

a RDT&E :  $245.1  million  (1970  dollars). 

^Assumed  to  be  the  same  as  models  C  and  D, 


Similarly,  for  742  B-52s,  the  total  pounds  of  useful  capacity 
are  215,682,481.  Dividing  the  final  cost  of  742  B-52s  by  the 
total  pounds  of  useful  capacity,  we  find  that  a  B - S 2  costs 
$8,656,380,000  /  215,682,481  *  $40.13  per  pound  of  useful  capa¬ 
city. 

To  normalize  for  quantity  for  comparing  with  the  704- 
aircraft  707  program,  the  cost  and  weight  of  the  last  38  B-52H 
aircraft  are  subtracted  from  the  program,  resulting  in  the 
following: 
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Total  flyaway  cost 
Preproduction  R$D 

Factor  for  government  capitalization 
Total  empty  weight 


$7, 562,630, 000 

♦  245,100,000 
$7,807,730,000 

x _ 1.046 

$8,166,890,000 

*  122,904,894  lb 

-  $66. 45/lb 


Similarly,  for  704  B-52s,  the  total  pounds  of  useful  capacity 
are  203,702,601.  Dividing  the  final  cost  of  704  B-S2s  by  the 
total  pounds  of  useful  capacity,  we  find  that  a  B-52  costs 
$8,165,890,000  /  203,702,601  *  $40.09  per  pound  of  useful  capa¬ 
city. 


The  reason  that  the  cost  per  pound  at  704  units  is  less  than 
that  at  742  units  is  that  the  increase  in  B-52  unit  price  due  to 
model  changes  is  much  greater  with  the  later  models  than  is  the 
decrease  in  unit  price  due  to  the  learning  effect.  This  '‘tailing 
up"  is  clearly  seen  in  Figure  J-4,  which  plots  each  year's  B-52 
production  at  the  lot  midpoint  for  the  year  against  the  unit 
price  for  that  year. 

If  (instead  of  subtracting  the  end  production  from  the  C-52 
program)  a  progress  curve  is  calculated  from  the  AFACM  date  and 
the  total  flyaway  cost  of  704  B-52s  is  taken  from  it,  the  results 
are  as  follows: 


Total  flyaway  cost  $7,401,710,000 

Preproduction  R$D  +  245,100,000 

$7,646,810,000 

Factor  for  government  capitalization  x _ 1.046 

$7,998,560,000 

Total  empty  weight  *  122 ,904 ..,894 ,_lb 

«  $65. 08/lb 


Similarly,  for  704  B- 52s ,  dividing  the  final  cost  derived  from 
a  progress  curve  by  the  total  pounds  of  useful  capacity ,  we  find 
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that  a  B-S2  costs  $7,998,560,000  /  203,702,001  -  $39.27  peT 
pound  of  useful  capacity. 

The  results,  whichever  way  is  used,  are  surprisingly  close 
ro  the  $62.26  per  pound  of  empty  weight  (and  the  $47.01  per  pound 
of  useful  capacity)  for  the  707. 

4.  data  fo*-  Aggregated  Comparison 

Table  J-17  presents  in  tabular  form  the  data  used  to  make 
the  aggregated  comparison  of  military  and  commercial  aircraft 
presented  in  Figures  19  and  20  of  the  main  report. 

B.  COMPARISON  OF  MILITARY  AND  COMMERCIAL  SHIPS 

Navy  combatant  ships  have  many  features  and  much  equipment 
not  found  in  commercial  ships,  and  any  valid  comparison  of  con¬ 
struction  costs  of  Navy  and  commercial  ships  would  be  most 
difficult.  Further,  since  regular  Navy  auxiliary  ships  are  de¬ 
signed  to  operate  with  fighting  fleets,  they  nearly  always  have 
extra  features  (such  as  equipment  for  underway  replenishment  of 
ships  at  sea)  that  make  their  construction  costs  higher  than 
those  of  comparable  commercial  ships. 

The  Military  Sealift  Command  (MSC)  is  responsible  for  ship¬ 
ment  by  sea  of  supplies,  material,  and  personnel  of  the  three 
services.  MSC  has  embarked  on  a  "Build  and  Charter"  program, 
under  which  contracts  are  let  to  commercial  firms  to  build  ships 
to  MSC  specification  for  charter  on  a  long-term  basis.  MSC  con¬ 
tracted  in  June  1972  for  nine  25,000-deadwsight-ton  (DWT)  tankers 
under  the  "build  and  charter"  arrangement.  The  only  "build  and 
charter"  ship  now  in  service  is  the  Admiral  Callaghan ,  a  roll-on/ 
roll-off  (RO/RQ)  ship  built  in  1967. 

Case  studies  for  both  the  tankers  and  the  RO/UO  ships  are 
presented  below.  They  were  compared  on  a  basis  of  unit  price 
versus  weight. 
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Table  J-17.  DATA  USED  FOR  AGGREGATED  COMPARISON  0 r 
MILITARY  AND  COMMERCIAL  AIRCRAFT  PRICES 


1 

Aircraft 

T.ypea 

Cumul ati ve 
Averaoe 
Cost 

(million 
1970  S) 

Cumj 1  a  ti ve 
Averaqe 
Empty 
Weight 
(thousand 
pounds ) 

Cumul ati ve 
Average 
Useful 
Capac i ty 
(thousand 
pounds ) 

| 

Quanta  ty  j 
o  f  ! 

Aircraft  | 
Produced 

‘liia  r ’< 

I 

i 

1 

i 

i 

C  - 1 1 9 

p 

0.99 

40  ! 

29 

1.0  36 

C- 123 

p 

i.ofl  ; 

31  ! 

27 

472 

C-  124 

p 

2.9'. 

101  j 

115 

4  46 

j  C-130 

T 

4.46 

59 

6  5 

600 

C/KC-135 

J 

3.61 

98 

1  54 

7  77 

C-141 

J 

8.59 

134 

189 

284 

|  C-5A 

J 

44.96  ! 

321  j 

425 

81 

j  B - 52 

J 

11.67 

175 

291 

742 

;  c-121 

P 

2.97 

73 

72 

1  1  7 

i  KC-97 

P 

1.84  j 

88 

88 

810 

j  C-133 

T 

12.47 

117 

1  72 

r  n 

i  C:~Mcraial 

| 

j  Convalr  240.340.44C 

P 

0.81 

29 

16 

56  2 

j  Constellation 

P 

2.11  | 

67 

51 

519 

!  DC-6 

P 

1  .47  I 

52 

49 

537 

DC-7 

P 

3.07  : 

69 

53 

3  36 

Lockheed  Electra 

T 

3.94°  ; 

56 

57 

164 

Boeing  707 

J 

j 

7.88 

127 

168 

704 

DC-8 

J 

8.30  ! 

135 

1  74 

556 

Boeing  747 

1 

.  * 

21.89 

.  355 

347 

Boeing  727 

J 

5.64 

80 

78 

8  c  8 

Boeing  737 

J 

1  3.78 

58 

49 

31  1 

Mar  ;1 n  202-204 

P 

0.58 

27 

1  1 

103 

DC-9 

J 

4.00 

49 

■13 

649 

Lockheed  L 1 0 11 

0 

18.00 

250 

196 

1  7 

Jetstar 

J 

1.79 

22 

20 

1  50c 

Gulfstream  l 

T 

1.32 

22 

15 

200 

Gulfstream  II 

J 

2.90 

37 

29 

Lear  jet 

J 

0.72 

7 

7 

325 

Convalr  8P0-990 

J 

9.70* 

100 

115 

124 

Fairchild  F-27 

T 

0.95 

25 

19 

126 

*P  ■  piston;  T  ■  turboprop;  J  ■  pure  jet. 

^Includes  reported  losses  of  Lockheed. 

Approximate. 

dAs  of  February  1969. 

“includes  reported  losses  f  General  Dyramlcs. 
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1.  Case  Study;  MSC  25,000-DWT  Tankers  Versus  Commercial 

TanTeFs  *" 

Nine  s;5,000-DWT  tankers,  all  of  which  will  be  owned  by 
Marine  Ship  Leasing  Corporation,  are  being  built  under  the 
“build  and  charter'*  program.  Five  of  the  ships  are  being  built, 
by  Bath  Iron  Works  Corporation,  and  four  by  Todd  Shipyards 
Corporation.  Price  per  ship  for  each  group  is  $16  million. 

All  tankers  between  25,000  and  120,000  DWT  under  construction 
and  on  order  in  U.S.  yards  as  of  1  February  1973  are  shown  in 
Table  J-18. 


Table  J-18.  U.S. -BUILT  TANKER  PRICES* 


Builder 

Number 

of 

Tankers 

p 

Peadwei ght 
Tons 

Unadjusted 
Unit  Price 
(million 
current  S ' 

Mean 

Del i ve  ry 
Date 

'.ft!  t  P  r  c  e 
(mi  *  1  i o  n 

19  74  S'- 

For  hSC 

Bath 

5 

25,000 

16.0 

am 

1  6  . '  ■ 

Todd 

« 

25,000 

16.0 

a/ n 

IS." 

For  Cornwraial 

Operator? 

,  Bethlehem  Steel 

3 

120,000 

30.0 

2<->i 

)  3. 

‘  Bethlehem  Steel 

1 

89  ,800 

18.0 

6  t  '  3 

19  " 

| 

Bethlehem  Steel 

1 

120,000 

30.0 

M  /  n 

1  ■  1 

j  Gunderson 

3 

35  .000 

'6.1 

National  Steel 

3 

3a  .300 

18  2 

a -4 

)  8  2 

National  Steel 

3 

90,000 

27.5 

3/  75 

r .? 

Sun  Shipbuilding 

1 

B0  ,000 

18.0 

3  ■  H 

19.  » 

Todd 

4 

35  ,0  30 

15.8 

1  1  -’6 

5  »  .  f 

*  AT  1  tankers  between  25,QQO  and  12-7, 000  DWT  under  construction  a-d  on  ! 
order,  Pebrutry  1973.  * 

Sources:  ry  I,  v<?rr>< ia*,t  ’  diKj  ,  S n t pbu « i de r\  j 

Council  ot  America,  Washington,  O.C.;  and  v*r?k  ;>:■?  • 

n«Sa  Sheets,  He.,  ime  Adeini  itrstio*  .  U.S.  o'  ; 

Commerce.  i 
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Since  1969,  shipbuilding  costs  have  been  increasing  at 
about  5  percent  per  year  (see  Tsble  J-19).  The  average  delivery 
date  of  the  nine  tankers  for  m/c  (August  1974}  was  taken  as  the 
base  date,  and  prices  for  delivery  dates  of  commercial  tankers 
before  or  after  that  time  were  adjusted  in  the  last  column  of 
Table  J-18  to  reflect  the  S-percent -per-year  increase  in  ship¬ 
building  costs.  These  adjusted  prices  versus  FHVT  are  plotted 
in  Figure  21  (see  Ch.  V,  above).  The  price  of  $16  million  for 
the  MSC  tankers  appears  within  the  normal  commercial  price  trend 
for  tinkers  from  25,00-0  to  120,000  DWT. 


Table  0-19. 


INDEX  OF  ESTIMATED  SHIPBUILDING 
COSTS  IN  THE  UNITED  STATES 


Year 

Index 

Percent 

I nersase 

1 - 

|  Year 

I  ndex 

Percent 

Increase 

1558 

285 

■Ml 

IB 

318 

1  . 6 

1959 

292 

mm 

3  31 

4.1 

1960 

295 

1368 

343 

2.4 

1961 

29/ 

0.7 

1969 

359 

4.7 

1962 

299 

0.7 

1970 

379 

5.6 

1963 

303 

1.3 

1971 

399 

5.3  | 

1964 

1  .  1 

2.6 

1972 

418 

■ 

4  .  ft 

|  1965 

II 

o.e 

Source 


*•'  /■»  • 


-*■  i  Mt 
*-  r  **  : 


fn  the  United  Admini¬ 
stration,  u.S.  Department  of  Commerce,! 
31  May  1972. 


2  •  Case  Study:  ftpl  1  -On/ Ro  M -Of  ?  Snips  (HSC..  Versus  Co®»erci  a  I ) 

Tabic  d-20  lists  the  RO/RG  shins  delivered  by  U.S.  shipyards 
through  19'*2.  The  first  two  are  owned  by  MSC ,  and  the  third  is 
under  long-term  charter  to  MSC .  The  remainder  are  in  commercial 
service.  The  total  acquisition  cost  '-  for  the  and  .*<?;.  iff 

were  comet  hat  higher  than  those  shown  in  Fable  J-20  i see  note, 
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TabU  J-20.  U.S.-8UILT  ROU-ON/ROU-OFF  SHIP  PRICES 


Bui Ider 

Ship 

— 

Gross 

Tens 

r 

Contract 
Price 
(mi  1 1 len 
current  $) 

Del  1  very 
Oate 

Price , 
Adjusted 
to  1967 
Del  l  very 
(million 
1967  $) 

rfSC  or 

MS C- Chartered 

Sun  Shipbuilding 

Comet 

13,792 

11.00* 

1/58 

12.8 

Lockheed 

Sealift 

12,001 

15.90* 

4/6? 

15.9 

Sun  Shipbuilding 

A  dm.  Callaghan 

20,900 

20.00 

12/67 

20.0 

Commaraial 

Sun  Shipbul ldlng 

Ponas  de  Leon 

20,900 

20.00 

3/68 

19.3 

Ingalls 

Mormaoeea 

14,400 

15.95 

4/69 

14.7 

Ingalls 

Mormaoeky 

14,400 

15.95 

7/69 

14.? 

Ingalls 

Mormaetar 

14,400 

15.95 

9/69 

14.7 

Ingalls 

Mormjaeun 

14.400 

15.90 

2/70 

14.7 

Sun  Shipbuilding 

Sria  K.  Kaleer 

20,900 

19.00 

12/70 

16.6 

Sun  Shipbuilding 

Fortalena 

15,130 

23.20 

12/72 

18.4 

Acquisition  costs  obtained  from  HSC  ware  $11,552  million  (C<?*i*6}  and 
$17,001  million  {sealift).  The  difference  is  due  to  equipment  not  in¬ 
cluded  in  builder's  contract  price. 


Source.'  Shipbuilders  Council  sf  America. 


Table  J-20).  We  have  used  the  builder's  contract  price  for  all 
ships,  since  they  were  all  obtained  froth  the  Shipbuilders 
Council  of  America  and  should  be  the  most  comparable  prices. 
Contract  prices  have  been  adjusted  in  the  last  column  of 
Table  J-20  to  a  196?  delivery  date  by  use  of  the  cost  index  of 
Table  J-19.  These  196?  prices  are  plotted  versus  gross  tons  in 
Figure  2?  (see  Ch.  7,  above).  The  price  of  the  A4«irat  CzllafkitK 
was  probably  increased  somewhat  by  the  installation  of  a  gas* 
turbine  powetplant.  The  Admiral  CulS.iskfsn  was  intended  to  in¬ 
vestigate  the  feasibility  of  large  gas-turbine-powered  *hips. 

All  the  other  ships  are  equipped  with  conventional  stea<?  power- 
plants. 
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As  Figure  22  indicates,  prices  of  the  MSC  RO/RG  ships  lie 
within  the  normal  range  of  commercial  RO/RO  ship  prices. 

C.  WHEELED  VEHICLES 

Section  D  of  Chapter  V  presented  statistical  results  for 
the  comparison  of  military  and  commercial  wheeled  vehicles. 

The  data  points  of  Figure  23  and  the  analysis  were  b?.sed  on 
the  data  in  Table  J-21.  Vehicles  are  listed  t>y  name,  number  of 
axles,  price  in  1970  dollars,  and  curb  weight--for  both  military 
and  commercial  vehicles. 


Table  J-21.  WKctlbD-VEHICLE  DATA 


Vehicle  Designation 

Number 
of  Axles 

Prl  ce 
(1  973  $) 

Weight 

(pounds) 

ComT*3voial  Vehicles 

Ford  U9G0 

3 

21 , 29S 

13,170 

Ford  US 15 

3 

25,525 

13,515 

Ford  F808 

2 

8,190 

6,225 

Ford  FB08 

2 

9,410 

6,625 

Ford  XS05 

3 

24.490 

13,575 

ford  X908 

3 

24,475 

13,615 

j  Ford  C907 

2 

11,650 

7,875 

Ford  C915 

2 

12,905 

7,965 

Ford  2904 

2  ■ 

21,350 

10,735 

Ford  Z903 

2 

22,335 

10,930 

GHC  MH9670 

3 

21  ,499 

13,405 

GHC  HH97Q0 

3 

22.074 

13,590 

GHC  NH7671 

2 

3,203 

7,290 

GHC  CE6670 

2 

• 

S  ,259 

6.835 

GHC  019692 

3 

22.191 

13,160 

GHC  019702 

3 

22,216 

U  .940 

13,195 

GHC  TV 7 7 3 1 

2 

8,400 

GHC  FN9S72 

2 

13,614 

10,935 

INC  F427Q 

V. 

27,322 

13.693  | 

IHC  10850 

«* 

9,141 

7,427  j 

INC  C0F 407 

T) 

e 

j  27,689 

j  13,606  j 

IHC  €01910 

j  ^ 

!  10,909 

IHC  C04070 

|  2 

|  24,209 

j  10.530  j 

CG#*ercial  HIT 

[  * 

j  50,000 

«•«"'  ! 

INC  8500 

!  3 

j  50,330 

30,000  j 

Kenworth  852 

3 

j  S5.0G0 

46.000  | 

HACK  F6715X 

i  3 

|  55,000 

37-000  j 

IHC  Piek-up,  10/10  CIC 

j  2 

;  2,942 

3,135 _ j 

{continued  on  next  page) 


!  -  35 


Table  J-21.  (continued) 


Vehicle  Designation 

Number 
of  Axles 

Price 
(1973  $} 

Weight 

(pounds) 

IHC  Pick-up,  n/io  C&C 

2 

3,052 

3,209 

IHC  Pick-up,  10/10  8  foot 

2 

3,130 

3,302 

IHC  Pick-up,  11/10  8  foot 

2 

3,216 

3,619 

IHC  Pick-up,  13/10  C&C 

2 

3,834 

3,513 

IHC  Pick-up,  13/10  8  foot 

2 

3,999 

3,923 

IHC  Travel al 1  100,  4x2 

2 

4,125 

4,271 

IHC  Travelal 1  200,  4x2 

2 

4,381 

4,504 

IHC  Travelal 1  100,  4x4 

2 

5,014 

4,467 

IHC  Travel  fill  200,  4x4 

2 

5,168 

4,741 

IHC  Scout,  Wagon,  4x2 

2 

2,979 

3,370 

IHC  Scout,  Wagon,  4x4 

r> 

C 

3,676 

3,600 

IHC  Scout,  Cab  Top,  4x2 

2 

2,632 

3,290 

IHC  Scout,  Cab  Top,  4x4 

2 

3,521 

3,500 

Military  Vohiales 

Truck,  Ambulance,  X38365 

2 

4,632 

3,700 

Truck,  Cargo,  X 3 9 598 

2 

2,240 

3,590 

Truck,  Carryall ,  X42Q64 

2 

3,178 

3,235 

Truck,  Delivery,  X 5 4 5 3 1 

2 

3,6/9 

5,400 

T**uck ,  Panel  ,  X 54805 

2 

3,050 

2,950 

Truck,  Staxe,  X56038 

2 

2,540 

4,460 

Truck,  Stake,  X56449 

2 

4,325 

6,894 

Truck,  M26 

3 

74,016 

27,700 

Truck,  Ml 23 

3 

42,713 

29,659 

Truck,  M819 

3 

19,385 

34,490 

HET,  XH  746 

4 

86,000 

46,700 

H£T,  Austere 

4 

81 ,000 

46,000 

N561 ,  1-1/4  ton 

3 

13,364 

7,480 

H6S6 ,  5  ton 

4 

20,000 

16,150 

M656,  5  ton,  w/wench 

4 

20,500 

16,720 

(concluded  on  m;xt  page) 
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Vehicle  Designation 

M45 4 ,  Fire  Truck 
Truck,  3/4  ton 
Truck,  2-1/2  ton 
Truck,  5  ton 
Truck,  1/4  ton 
Truck,  8  ton 
Truck,  LP,  6,000  pounds 
Truck,  LF,  10,000  pounds 


Number 
of  Axles 


Pri  ce 
(1973  $) 

Weight 

(pounds) 

26  ,420 

16,140 

5,207 

5,955 

13,035 

15,900 

19,385 

24,000 

3,701 

2,487 

58,596 

33,835 

32  ,526  . 

20,000 

44,204 

30 ,760 

